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Take this driving test. © 24,775 


Even a not-so-strong nurse can “drive” this one. 


Not all spikes are the same. Some 
are designed for railroads, others for 
I. V. systems. This one is on our 
Saftiset™ Set, an integral part of the 
Saftisystem?" I. V. system. 
Immediately after swabbing the 
stopper, thrust the specially designed 
sterile spike through it and you're 
ready to go. You have no rubber 
membranes to remove. No tabs to 
pull. No air-way needles to insert. 


Guide To Parenteral Admixtures 


And, the Saftisystem™! I. V. sys- 
tem is different in other ways too. 
The proven bacterial air-way filter al- 
lows only filtered air to reach the 
solution. A unique solid rubber stop- 
per keeps the solution sterile during 
infusion. 

The Saftisystem™™ I. V. system 
gives you a final safeguard: visible 
vacuum. Presence of bubbles when 
you invert the flask is your visible 


The GUIDE TO PARENTERAL ADMIXTURES is a new authoritative 
and comprehensive reference designed to stay up-to-date. It is an 


extensive compilation of information on the physical 


compatibility of certain therapeutic drugs 
used in parenteral therapy (I.V. solutions in 
glass). The Guide will be kept current through 
an on-going literature search. This informa- 
tion will be incorporated into the reference by 
means of a unique supplement service. 

Only Cutter offers you the completely closed 
1.V. system and the GUIDE TO PARENTERAL 
ADMIXTURES, the extra margin of safety 
for your patients and you. For’ more informa- 
tion, ask your Cutter representative or write 
to Cutter ec breve jons Publisher, 8900 
Manchester Road, St. Luis, Missouri 63144. 





assurance that the integrity of the sys- 
tem is intact. 

With the Saftisystem*" I. V. sys- 
tem you know your patient has the 
extra margin of security of a com- 
pletely closed I. V. system in glass. 

For more information, ask your 
Cutter sales representative or write to 
Cutter Laboratories, Inc. 
Fourth and Parker Sts., 
Berkeley, Ca. 94710. 
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Naturally, an imitation does not equ 
Synthetic chemicals often lack some vital factor prese t 
in the natural medicinal. 

Take SENOKOT Tablets/ Granules, for example. This 
highly effective laxative gets a head start from Mother Nature 
— natural senna from the Cassia acutifolia plant has been 
used qs a laxative for over 1500 years. In SEN 'T prepara- 
tions, this natural vegetable laxative is purified and refined 
into one of the most modern, virtually colon- specific, 
predictably gentle anticonstipants your patients can use. 

So when the situation calls for a gentle, predictably 
effective laxative, why not make the natural choice — 
SENOKOT Tablets or SENOKOT Granules. 

Supplied: SENOKOT Tablets (small, easy-to-swallow) 
— Bottles of 50 and 100. SENOKOT Granules (delicious, 
cocoa-flavored) — 4, 8 and 16 ounce (1 Ib.) canisters. 
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n Warren-Teed Introduces 
"r. a New Multi-Use 
AA Nutritional Support 
S System 


* 


D Unique, palatable, low 
« i residue food that provides 
^ *1 total nutritional 
"^s management of patients 
^, who cannot ingest, digest, 
chew or readily assimilate 
ordinary foods. 


New 

WT Lou 
Residue 
Food 


The first in a new class of 
superior nutritional specialties 
from Warren-Teed. 


Low Residue Fully absorbed in the upper 
gastrointestinal tract... making it especially 
useful for nutritional support of pre- and 
post-op patients and in many G.I. situations 
where nutritional needs cannot be met 

by solid foods. 


Nutritionally Complete Meets all known 
requirements for adult nutrition. Includes 
vitamins, minerals, simple carbohydrates, 
essential fat plus a distribution of essential 
and non-essential amino acids approximating 
that of whole egg, a protein of highest 
biological quality. 

Hearty “Real Food” Flavors The best food 
flavoring that modern technology can 
provide. WT "Low Residue Food is available 
in three palatable flavors — beef bouillon, 
chicken broth, and tomato. 


Lower Cost Provides savings for hospital and 
patient over comparable low residue regimens. 
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wen nes so Mb uut 
hard stools but... 


She probably doesn't know 
about stool softeners, unless 
her doctor has told 

her about Surfak. 


Surfak is the one-a-day 
stool softener that really 
works. 


Without distention... 

Without adding bulking 
agents or sodium 
to the system. 











) Surfak 


(dioctyl calcium sulfosuccinate) 


PA The one-a-day stool softene: 


Available in 240 mg. capsules 
from pharmacies on your recommend&tion 
or prescription 





at HOECHST is 


Ql VÀ "PHARMACEUTICALS, INC. 
SOMERVILLE, N.J. 08876 
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After surgery, when 
nutritional supplementation 
is indicated 


Berocca tavicts is therapy 


With balanced, high potency 
B-complex and C vitamins. 
No odor. 

Virtually no aftertaste. 


Lowest priced Rx formula. 


Please see Complete Prescribing Information, 
a summary of which follows: 


Each Berocca Tablet contains: 

Thiamine mononitrate ........ ... 15mg 
Riboflavin . PORE — 15 mg 
Pyridoxine HCI ........ — 5 mg 
Niacinamide ....... : ... 100 mg 
Calcium pantothenate . . 20mg 
Cyanocobalamin ............... "OPES - Nou. 
Folic acid "TET .... O.5mg 
Ascorbic acid ... 500 mg 
Indications: Nutritional supplementation in conditions 
in which water-soluble vitamins are required prophy- 
lactically or therapeutically. 

Warning: Not intended for treatment of pernicious 
anemia or other primary or secondary anemias. Neu- 
rologic involvement may develop or progress, despite 
temporary remission of anemia, in patients with per- 
nicious anemia who receive more than 0.1 mg of folic 
acid per day and who are inadequately treated with 
vitamin Bi. 

Dosage: 1 or 2 tablets daily, as indicated by clinical 
need. 

Available: In bottles of 100. 


ROCHE LABORATORIES 
T Division of Hoffmann-La Roche Inc. 
Nutley, New Jersey 07110 


A subdural hematoma is revealed in this posterior radioisotope 


brain scan. The increased activity is noticeable over the left 
lateral vertex of the skull. During surgery, a large subdural 


hematoma was evacuated from the parietal area. 
Brain scan: Courtesy Harry S. Truman Laboratory, 


Kansas City, Missouri. 
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Very little is the correct answer...even though the number of 
tablets is 4,380. That's because these tablets are 
Ascriptin*- the Maalox"protected aspirin. 

Ascriptin provides 5 grains of aspirin. Yet.. .thanks to 
Maaltx (magnesium-aluminum hydroxide), the most 
widely preferred of all antacids—it guards 


against aspirin-induced gastric distress as well. 
No wonder more and more physicians today rely SCTI in 
on Ascriptin for long-term salicylate therapy. 


Maalox*protected ŒE aspirin 


| 8 | 
WILLIAM H. RORER, INC. ^ i 
Fort Washington, Pa. 19034 L— E. 
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A Dulcolax suppository 
can do anything an enema can — 
except scare people. 


Just one suppository usually assures a predictable 
bowel movement in 15 minutes to an hour. Gone are the tubing, the 
"accidents," and the bruised egos associated with enemas. 

For preoperative preparation, the combination of 
tablets at night and a suppository the next morning usually cleans the 
bowel thoroughly. Suppositories may also be particularly helpful when 
straining should be avoided, as in postoperative care. 

As with any laxative, abdominal cramps are occasion- 
ally noted. Dulcolax is contraindicated in the acute surgical abdomen. 


® . 
Dulcolax“..the cure for enemaphobia 
bisacodyl NF 

Under license from Boehringer Ingelheim G.m.b.H. GEIGY Pharmaceuticals, Division of CIBA-GEIGY Corporation, Ardsley, New York 10502 





[he antistaph 
cialist 

that's always 

on call. 


One of the most effective antistaph'agents. 
.  Reconstitutes in less than 60 seconds. 


Remains stable for 24 hours? 


Rapid penetration of target areas 


Following intramuscular administration, Unipen appears rapidly in plasma. 
It penetrates body tissues in high concentration and diffuses well into pleural, 
pericardial and synovial fluids. 









When the infection is penicillin-G resistant 


Unipen (sodium nafcillin) is indicated principally in the treatment of 
infections known to be due to penicillinase-producing staphylococci which 
have been shown sensitive to it. 


. 
When in doubt 


Unipen is particularly suitable for initial therapy in severe or potentially 
severe infections before definitive culture results are known and in which 
penicillinase-producing staphylococci are suspected. In such cases, take 
appropriate specimens for bacteriologic studies to determine the causative 
organisms and their sensitivity to nafcillin prior to the first dose of antibiotic. 


*Penicillinase-producing staphylococci which have been shown sensitive to nafcillin. 


TSee important information under parenteral administration on next page. 
+See Important Note, on next page. 


UNIPEN 


(sodium nafcillin) 
as the monohydrate, buffered 


Ease of reconstitution plus 24-hour stability in I.V. solu- 
tions put this potent antistaph agent ‘‘on call." 
No precipitation, less than 10% loss in activity in I.V. 
solutions held at room temperature for 24 hours.1 

e 5% dextrose in water 

e 5% dextrose in 0.4% NaCl solution 

e Isotonic NaCl 

e Ringer’s solution 

e M/6 sodium lactate solution (conc. of 30 mg/ml) 


+See “Intravenous Route" section of Brief Summary on this page. 


Indications 

The principal indication for sodium nafcillin is in the treatment of 
infections known to be due to penicillinase-producing staphylococci 
which have been shown to be sensitive to it. 

Bacteriologic studies to determine the causative organisms and 
their sensitivity to sodium nafcillin should be performed. 

If antibiotic therapy is considered necessary in potentially serious 
infections while awaiting reports of cultures and sensitivity studies, 
sodium nafcillin may be used to initiate therapy in such patients in 
whom a penicillinase-producing staphylococcus is suspected (see 
Important Note below). 

In serious, life-threatening infections, oral preparations of the 
penicillinase-resistant penicillins should not be relied on for initial 
therapy. 

Important Note 

When it is judged necessary that treatment be initiated before 
definitive culture and sensitivity results are known, the choice of 
sodium nafcillin should take into consideration the fact that it has 
been shown to be effective only in the treatment of infections caused 
by pneumococci, Group A beta-hemolytic streptococci and penicillin 
G-resistant and penicillin G-sensitive staphylococci. If the bacteri- 
ology report later indicates the infection is due to an organism other 
than a penicillin G-resistant staphylococcus sensitive to sodium naf- 
cillin, the physician is advised to continue therapy with a drug other 
than sodium nafcillin or any other penicillinase-resistant semi- 
synthetic penicillin. 

Methicillin is a compound that acts through a mechanism similar 
to that of sodium nafcillin against penicillin G-resistant staphylo- 
cocci. Strains of staphylococci resistant to methicillin have existed 
in nature and it is known that the number of these strains reported 
has been increasing. Such strains of staphylococci have been 
capable of producing serious disease, in some instances resulting 
in fatality. Because of this there is concern that widespread use of 
the penicillinase-resistant penicillins may result in the appearance 
of an increasing number of staphylococcal strains which are re- 
sistant to these penicillins. 

Methicillin-resistant strains are almost always resistant to all 
other penicillinase-resistant penicillins (cross resistance with ceph- 
alosporin derivatives also occurs frequently). Resistance to any 
penicillinase-resistant penicillin should be interpreted as evidence 
of clinical resistance to all, in spite of the fact that minor variations 
in in vitro sensitivity may be encountered when more than one 
penicillinase-resistant penicillin is tested against the same strain 
of staphylococcus. 

Routine methods of antibiotic sensitivity testing may fail to detect 
strains of organisms resistant to the penicillinase-resistant penicil- 
lins. For this reason, the use of large inocula and 48-hour incubation 
periods may be needed to obtain accurate sensitivity studies with 
these antibiotics. 

Contraindications 

A history of allergic reaction to any of the penicillins is a contra- 

indication. E 


Warnings 

Serious and occasionally fatal hypersensitivity (anaphylactoid) re- 
actions have been reported in patients on penicillin therapy. Although 
anaphylaxis is more frequent following parenteral therapy is has 
occurred in patients on oral penicillins. These reactions are more 
apt to occur in individuals with a history of sensitivity to multiple 
allergens. 

There have been reports of individuals with a history of penicillin 
hypersensitivity reactions who have experienced severe hyper- 
sensitivity reactions when treated with a cephalosporin. Before ther- 
apy with a penicillin, careful inquiry should be made concerning 
previous hypersensitivity reactions to penicillins, cephalosporins, 
and other allergens. If an allergic reaction occurs, appropriate ther- 
apy should be instituted, and discontinuation of nafcillin therapy 
considered. The usual agents (antihistamines, pressor amines, 
corticosteroids) should be readily available. 


Precautions 

As with any potent drug, periodic assessment of organ system 
function, including renal, hepatic and hematopoietic, should be 
made during prolonged therapy. 

The possibility of bacterial and fungal overgrowth should be kept 
in mind during long-term therapy. If overgrowth of resistant organ- 
isms occurs, appropriate measures should be taken. 

The oral route of administration should not be relied upon in 
patients with severe illness, or with nausea, vomiting, gastric dilata- 
tion, cardiospasm or intestinal hypermotility. 

Safety for use in pregnancy has not been established. 

Particular care should be taken with intravenous administration 
because of the possiblity of thrombophlebitis. 


Adverse Reactions 

Reactions to sodium nafcillin have been infrequent and mild in 
nature. As with other penicillins, the possibility of an anaphylactic 
reaction or serum sickness-like reactions should be considered. A 
careful history should be taken. Patients with histories of hay fever, 
asthma, urticaria, or previous sensitivity to penicillin are more likely 
to react adversely. 

The few reactions associated with the intramuscular use of sodium 
nafcillin have been skin rash, pruritus, and possible drug fever. As 
with other penicillins, reactions from oral use of the drug have in- 
cluded nausea, vomiting, diarrhea, urticaria, and pruritus. 


Parenteral Administration 

It is recommended that parenteral therapy be used initially in 
severe infections. The patient should be placed on oral therapy with 
this product as soon as the clinical condition warrants. TIntravenous 
Route: If given by intravenous infusion, use only these solutions— 
isotonic NaCl, 5% dextrose in water, 5% dextrose in 0.4% NaCl 
solution, Ringer's solution or M/6 sodium lactate solution (conc. of 
30 mg./ml.). Discard any unused portions of I.V. solutions after 24 
hours. The concentration of the antibiotic should fall within the 
range of 2 to 30 mg./ml. The drug concentrate and the rate and 
volume of the infusion should be adjusted so that the total dose of 
nafcillin is administered before the drug loses its stability in the 
solution in use. 

There is novclinical experience available on the use of this agent in 
neonates or infants for this route of administration. 

This route of administration should be used for relatively short- 
term therapy (24-48 hours) because of the occasional occurrence of 
thrombophlebitis, particularly in elderly patients. 


Intramuscular route: After reconstitution, keep under refrigera- 
tion and use within 48 hours. The clear solution should be adminis- 
tered by deep intragluteal injection immediately after reconstitution. 


Oral Administration 
Beta-hemolytic streptococcal infections should be treated for at 
least 10 days to prevent development of acute rheumatic fever or 
glomerulonephritis. 
If oral therapy is inadequate, resort to parenteral sodium nafcillin. 
After mixing, the oral solution must be stored in a refrigerator. 
Discard any unused portion after one week. 


Supplied 

INJECTION—Vials of 500 mg., 1 and 2 Gm. Each cc. after recon- 
stitution contains 250 mg. nafcillin buffered with 10 mg. sodium 
citrate. Also available— CAPSULES—containing sodium nafcillin, 
as the monohydrate, equivalent to 250 mg. nafcillin buffered with 
calcium carbonate in bottles of 24 and REDIPAK® (strip pack) 
Wyeth, boxes of 25. FOR ORAL SOLUTION—Combination pkg. of 
vial of dry sodium nafcillin as monohydrate and bottle of diluent— 
provides 80 cc. of solution containing equivalent of 250 mg. nafcillin 
per 5 cc. Alcohol 295. 


Wyeth Laboratories ^ Philadelphia, Pa. 


Description: Keflin® (sodium cepha- 
lothin, Lilly) is a semisynthetic cepha- 
losporin antibiotic for parenteral use. 
It is the sodium salt of 7-(thiophene- 
2-acetamido) cephalosporanic acid. 
The sodium content is 55 mg. per Gm. 
of cephalothin. 

Actions: The bactericidal action of 
cephalothin results from inhibition of 
cell-wall synthesis. In-vitro and in-vivo 
activity. has been demonstrated 
against strains of the following micro- 
organisms: 

Staphylococcus aureus (penicillin- 
sensitive and penicillinase-pro- 
ducing) 

Beta-hemolytic and other strepto- 
cocci (many strains of entero- 
cocci, e.g., Streptococcus fae- 
calis, are relatively resistant) 

Pneumococci 

Clostridia 

Hemophilus influenzae 

Neisseria gonorrhoeae 

Escherichia coli and other coliform 
bacteria 

Klebsiella-Aerobacter sp. 

Proteus 

Salmonella sp. 

Shigella sp. 

Indications: Keflin is indicated in the 
treatment of serious infections of the 
respiratory tract, genito-urinary tract, 
soft tissue and skin, gastro-intestinal 
tract, bones and joints, bloodstream, 
and cardiovascular system due to sus- 
ceptible organisms. Also, it has been 
effective in cases of peritonitis, septic 
abortion, and staphylococcus and 
pneumococcus meningitis. Effective- 
ness has not been established in other 
types of meningeal infection. 
Appropriate culture and susceptibility 
studies should be performed to deter- 
mine susceptibility of the causative 
organism to Keflin. 

Contraindication: Keflin is contraindi- 
cated in persons who have shown hy- 
persensitivity to cephalosporin anti- 
biotics. 

Warnings: IN PENICILLIN-SENSITIVE PA- 
TIENTS, CEPHALOSPORIN C DERIVATIVES 
SHOULD BE USED WITH GREAT CAUTION. 
THERE IS CLINICAL AND LABORATORY EVI- 
DENCE OF PARTIAL CROSS-ALLERGENICITY 
OF THE PENICILLINS AND THE CEPHALO- 
SPORINS. INSTANCES OF PATIENTS WHO 
HAVE HAD SEVERE REACTIONS TO BOTH 
DRUGS, INCLUDING DEATH FROM ANA- 
PWYLAXIS, HAVE BEEN REPORTED. 

Any patient who has demonstrated 
some form of allergy, particularly to 
drugs, should receive antibiotics cau- 
tiously and then only when absolutely 
necessary. No exception should be 
made with regard to Keflin. 

Usage in Pregnancy—Safety of this 
product for use during pregnancy has 
not been established. 


Precautions: Patients should be fol- 
lowed carefully so that any side- 
effects or unusual manifestations of 
drug idiosyncrasy may be detected. If 
an allergic reaction to Keflin® (sodium 
cephalothin, Lilly) occurs, the drug 
should be discontinued and the pa- 
tient treated with the usual agents 
(e.g., epinephrine, antihistamines, 
pressor amines, or corticosteroids). 
When Keflin is administered to pa- 
tients with transient or persistent re- 
duction of urinary output due to im- 
paired renal function, the total daily 
dose should be reduced. Careful clini- 
cal observation and laboratory studies 
should be made, because higher and 
more prolonged systemic antibiotic 
concentrations can occur (see Admin- 
istration and Dosage below). 

When intravenous doses of cephalo- 
thin larger than 6 Gm. daily are given 
by infusion for periods longer than 
three days, they may be associated 
with thrombophlebitis, and the veins 
may have to be alternated. The addi- 
tion of 10 to 25 mg. of hydrocortisone 
to intravenous solutions containing 4 
to 6 Gm. of cephalothin may reduce 
the incidence of thrombophlebitis. 
The use of small IV. needles inthelarg- 
eravailable veins may bepreferred. 
Prolonged use of Keflin may result in 
the overgrowth of nonsusceptible or- 
ganisms. Constant observation of the 
patient is essential. If superinfection 
occurs during therapy, appropriate 
measures should be taken. 

A false-positive reaction for glucose in 
the urine may occur with Benedict's 
or Fehling's solution or with Clinitest® 
tablets but not with Tes-Tape? (urine 
sugar analysis paper, Lilly). 

Adverse Reactions: Hypersensitivity— 
Maculopapular rash; urticaria, reac- 
tions resembling serum sickness, and 
anaphylaxis have been reported. 
Eosinophilia and drug fever have been 
reported as associated with other al- 
lergic reactions. These reactions are 
most likely to occur in patients with a 
history of allergy, particularly to 
penicillin. 

Blood—Neutropenia and hemolytic 
anemia have been reported. Some in- 
dividuals, particularly those with azo- 





temia, have developed positive direct 
Coombs tests during cephalothin 
therapy. 

Liver—Transient rise in SGOT has 
been reported. 

Kidney—Rise in BUN has been ob- 
served; however, some patients with 
elevated BUN at the beginning of 
cephalothin therapy have had values 
return to normal during therapy. 
Local Reactions—Pain, induration, 
tenderness, and elevation of tempera- 
ture have been reported following re- 
peated intramuscular injections. 
Thrombophlebitis has occurred and is 
usually associated with daily doses of 
over 6 Gm. given by infusion for more 
than three days. 

Administration and Dosage: /n adults, 
the usual dosage range is 500 mg. 
to 1 Gm. of cephalothin every four to 
six hours. A dosage of 5Q0 mg. every 
six hours is adequate in uncompli- 
cated pneumonia, furunculosis with 
cellulitis, and most urinary tract in- 
fections. In severe infections, this may 
be increased by giving the injections 
every four hours or, when the desired 
response is not obtained, by raising 
the dose to 1 Gm. In life-threatening 
infections, doses up to 2 Gm. every 
four hours may be required. 

In infants and children, the dosage 
should be proportionately less in ac- 
cordance with age, weight, and sever- 
ity of infection. Daily administration 
of 50 mg. per Kg. (40 to 80 mg. per 
Kg. or 20 to 40 mg. per pound) in di- 
vided doses has been found effective 
for most infections susceptible to 
Keflin. 

For additional information regarding 
dosage and administration, see pack- 
age literature. 

How Supplied: Ampoules Keflin® (Ster- 
ile Sodium Cephalothin, U.S.P.), 
equivalent to 1 Gm. cephalothin, 10- 
ml. size, rubber-stoppered; equivalent 
to 2 Gm. cephalothin, 100-ml. size, 
rubber-stoppered; equivalent to 4 Gm. 
cephalothin, 50-ml. size, rubber- 
stoppered. 
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Topical Ampicillin against Wound Infection aft 


RANSECTION of the bowel during operation for cancer 
Tor the large intestine involves a risk of microbial con- 
tamination of the wound. The incidence of wound in- 
fection is accordingly high, varying from 10 to 50 per 
cent..! 12:55 In 1967 Nash and Hugh? demonstrated 
that topical ampicillin reduced the incidence of infec- 
tions. A similar investigation in 1970 ? produced the same 
findings, but suspicion was aroused that ampicillin might 
increase the incidence of wound dehiscence. The trial 
was therefore replicated and this report presents our 
findings in both studies. 


Clinical Material 

The series comprises the 240 patients who had either 
colonic resections or abdomino-perineal excisions of the 
rectum for cancer from March Ist 1969 to September 
20th 1970. Of the 240, 55.4 per cent were women, and 
the median age was 68 years with a range from 34 to 91 
years. One hundred and twelve patients had cancer of 
the rectum, which was treated with low anterior resec- 
tion in 46 and abdominoperineal excision in 66. 

We employed a triple blind, fixed dose, random allo- 
cation scheme and closed sequential analysis according 
to Armitage.” All patients had mechanical preparations 
of the coloneby means of purgation, enemas and low resi- 
due diet. With the exception of 55 low rectal carcinomas, 
the patients also had Nebacetin® (neomycin sulfate and 
bacitracin) 1.5 Gm. every 6 hours and 100 mg. chlor- 
chinaldole every 8 hours for 3 days before operation. 

Patients were included in the investigation after the 
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diagnosis of cancer had been established and the bc 
was transected. They were then allocated to either 
treatment or control groups by a list of random di: 
All ancillary treatment with systemic antibiotic ag 
were decided before allocation. After closure of 
peritoneum with continuous catgut, the fascia and | 
were sutured with interrupted silk. If the code : 
scribed ampicillin, 1 Gm. of Pentrexyl® powder was 
plied to the subfascial and subcutaneous spaces be 
the fascial sutures were tied. 

Two patients died postoperatively before wound 
fection could be evaluated. They were withdrawn f. 
the study and other patients were substituted blir 
and at random. The only other escape clause, i.e. alle 
to penicillin or ampicillin, was not evoked. 

Wound infections were defined as accumulations 
pus occurring within 30 days of operation and requil 
surgical revision. 


Results 

The first part of the trial was terminated when clo 
sequential analysis of 11 wound infections in 80 patic 
had demonstrated the statistically significant superio 
of ampicillin (p < 0.05). The second part of the t 
was terminated when closed sequential analysis of 
wound infections in an additional 160 patients ag 
had demonstrated the statistically significant superio 
of ampicillin (p < 0.05). The probability that two c 








)0 ANDERSEN, KORNER AND @STERGAARD Ann. Surg. * Aug. 197: 
TABLE 1. Distribution of Patients in the Treatment and in the Contre 
-———— Group According to Efficacy of Anti-microbial Intestinal 
Preparation. 
Ampicillin Controls 
No. Wound No. Wound 
Patients Infections Patients Infections 





: l. Closed sequential design for comparison of the incidence 
wound infections in colorectal surgery between 120 patients 
ated with topical ampicillin in the would and 120 controls. 
e first trial comprised 80 patients (———-— ), the second trial 
) patients (--4---4-). The boundaries are chosen with less 
n 5% risk of falsely finding a difference and with less than 5% 
x of overlooking a true difference of magnitude, 10-30%. 


»utive, identical trials could yield the same results due 
chance is less than 0.0025 (Fig. 1). 
Three infections occurred in the 120 wounds treated 
th ampicillin (2.5%), against 22 infections in 120 con- 
ls (18.3%). This difference is highly significant (x? = 
AT, p < 0.0005). The ampicillin prophylaxis has only 
led in one patient ( Table 3, Patient 2) who harbored 
tochthonous E. coli in his wound, originating from 
» bowel. The two other wound infections in the treat- 
ənt group (Table 2, No. 1; Table 3, No. 1) were caused 
staphylococci, resistant to methicillin (therefore also 
ampicilin), that invaded the wound from the en- 
‘onment after operation. 
Wound dehiscence occurred in nine patients in the 
ipicillin group and in nine patients in the control 
yup. This difference is of course not statistically sig- 
icant (y? — 0), but it does not prove that the frequen- 
's are in fact identical. The power of the test is 0.58 
= 0.05, one tailed test, 7, = 0.075, mə = 0.150, 
= N, = 120) which means that the risk of overlook- 
z a doubling in the incidence of wound dehiscence 
m 7.5 to 15.0 per cent is 42 per cent. 


Bacteriology 


In 136 (74%) of 185 patients receiving preoperative 
il antibiotics, stool cultures showed no aerobic or an- 
robic growth. Five wound infections occurred in the 





Preparation Efficient 





(no growth in culture) 67 1 69 4 

No or Inefficient Prep- 

aration 53 2 51 18 
Total 120 3 120 22 





group ( Table 1), one due to Staphylococcus aureus 
two to E. coli and one to E. coli and Proteus mixed; onc 
was not swabbed for culture ( Table 2). 

In 104 patients with either no or inefficient intestina 
preparation 20 wound infections occurred, most of ther 
due to E. coli (Table 3). In 15 the peroperative intra 
luminal cultures contained bacteria later found in cul 
tures from the wound. 

The figures in Table 1 indicate that ampicillin sub 
stantially counteracts wound contamination in instance: 
of no or inefficient intestinal antisepsis. No other foca 
or generalized infections with ampicillin-resistant micro. 
organisms occurred in the patients, and no side effects 
due to ampicillin were noted. 

No instances of staphylococcal enterocolitis were en 
countered among the patients in the trial. Particularly 
coagulase-positive staphylococci were not isolated in sig 
nificant number from any of the 240 intestinal cultures 


Discussion 


The efficacy of preoperative antibiotic preparation o 
the large bowel in prevention of wound infections ha: 
been studied in a number of investigations. The view: 
emerging are, however, controversial.” Recent controllec 
trials have demonstrated that antibiotics may reduce the 








TABLE 2. Microbial Flora of Infected Wounds in Five Patients ir 
Whom Intestinal Antisepsis Was Efficient. 
Topical 
Ampi- Microorganisms and Anti- " 
No. cillin biotic Susceptibility Origin 
1 + Staph. aureus (multiresis- Exogenous, nosocomial 
tant) 
2 — E. coli (sens.) Enterogenic 
3 = E. coli (sens.) Probably enterogenic 
4 — E. coli + Proteus (both Probably enterogenic 
sens. ) 
5 — Suppurative wound, no Unknown 
culture 





The wound bacteria were all present in great number. 
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TABLE 3. Microbial Flora of Infected Wounds in 20 Patients in 
Whom Intestinal Antisepsis was Inefficient or Was Not Carried 
Out. 
Topical 
Ampi- Microorganisms and Anti- 

No. cillin biotic Susceptibility Origin 

1 + Staph. aureus (methicillin- Uncertain, exogenous 
res.) 

2 + E. colt (sens. ) Enterogenic, autochto- 

nous 
3-9 — E. coli (sens.) Enterogenic, autochto- 
nous 

10 = E. coli (sens.) Probably enterogenic 

11 — E. coli (multiresistant) Enterogenic, nosocomial 

12 — E. coli (sens.) + anaer. Enterogenic 
strept. 

13 — E. coli (sens.) + anaer. Unknown (no culture 
strept. from bowel) 

14 — E. coli (sens.) + E. coli Enterogenic 
(partly sens.) (+) Kleb- 
siella species 

15 — E. coli (sens.) + Bac- Enterogenic 
teroides + hemolytic 
streptococci gr. G 

16 — E. coli (sens.) + anaer. Uncertain, probably 
strept. (+) Proteus (+) enterogenic 
Staph. aureus 

17 — E. coli (sens.) + strept. Unknown (no culture 
faecal. + Staph. aureus from bowel) 
(meticillin-res.) 

18 — E. coli (sens.) + Staph. Mixed enterogenic and 
aureus (methicillin exogenous 
resistant) 

19 — Proteus species + Kleb- — Enterogenic, noso- 
siella species (both multi- comial 
resistant) 

20 — Proteus (sens.) and Enterogenic 


Caridida 





The bacteria were present in great number except when indicated 
with (+) Sens. denotes normal broad sensitivity, including sensitiv- 


ity to ampicillin. 


frequency of infections,?*?* but even in the best prepara- 


tion it is still above 20 per cent. 
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We might have used a placebo in this trial, but fear- 
ing interference with the spontaneous frequency of in- 
fections we chose the more laborious triple-blind design, 
in which ampicillin was administered by one group, 
results evaluated and ancillary therapy prescribed by 
another. 


Summary 


Two consecutive, nearly identical controlled triple 
blind trials with sequential analysis demonstrated, that 
topical ampicillin offers a statistically significant reduc- 
tion in the frequency of wound infections after operation 
for cancer of the colon and rectum. Side effects were not 
scen. An initially aroused suspicion that ampicillin in- 
creased the frequency of wound dehiscence could not be 
confirmed. 
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RELIABLE experimental animal model would be help- 
ful in exploring the poorly defined etiology, patho- 
physiologic changes and therapy of stress ulcer in man. 
No such model currently exists. Restrained rodents !* 


. and pylorus ligated (Shay) rats 1° develop gastric ulcers 


but these animals, with a rumen rather than a glandular 
stomach, are not physiologically comparable to man, The 
dog unpredictably ulcerates after hemorrhage.” 

Because of our long laboratory experience with swine 
and the known species propensity for spontaneous ulcer- 
ation,® the pig was systematically evaluated as a stress 
ulcer model. 


Methods 


Adult Models 


Fourteen adult Yorkshire-Hampshire pigs, 40 to 60 Kg 
in weight, were anesthetized (sodium penotobarbital 25 
mg./Kg. intravenous), intubated and ventilated with 
room air. A gastrostomy was constructed sterilely by su- 
turing an opening in the greater curvature of the stomach 
to the skin. A 22F Foley catheter maintained the stoma 
and prevented leak of gastric content. One week later, 
after resuming normal weight gain, the animals were 
stressed in various ways. 

Restraint: Three pigs were immobilized supine on an 
operating table without hydration for 8-hour periods on 
each of three successive days, Regular diet was fed be- 
tween periods of restraint. The stomach was visualized 
by means of a Jackson 8-40 bronchoscope passed through 
the gastrostomy stoma twice daily for 3 days thereafter. 

Corticosteroids: Four pigs were given cortisone ace- 
tate, 3 mg./Kg. intramuscular, daily for 5 days and fol- 
lowed by gastroscopy every other day for 10 days. 

Portacaval Shunting: Three pigs underwent end-to- 
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side portacaval shunting under pentobarbital anesthesia. 
Two survived and were gastroscoped every third day for 
3 weeks. 

Arteriovenous Fistulae: High cardiac output was in- 
duced in two pigs by constructing iliac arteriovenous 
fistulae bilaterally. Gastroscopy was performed every 
third day for 3 weeks. 

Hemorrhage: Four pigs were anesthetized and bled 
30 to 45% of their estimated blood volume in 15 minutes. 
After 30 minutes of hypotension (systolic blood pressure 
less than 45 mm. Hg) shed blood was rapidly retrans- 
fused. The stomachs were examined at autopsy 48 hours 
later. 


Piglet Model 


Twenty Yorkshire-Hampshire piglets, six to 12 Kg. in 
weight and eight to 12 weeks in age, were anesthetized 
(sodium pentobarbital 12 mg./Kg. intravenous), in- 
tubated and ventilated with 40% oxygen. A midline in- 
cision was made sterilely in the neck to expose the 
carotid arteries and jugular.veins. Both carotid arteries 
and one jugular vein were cannulated with 16-gauge 
polyethylene tubing. One carotid cannula was connected 
to a mercury manometer for measurement of blood pres- 
sure. The other was prepared for sampling arterial blood 
and bleeding the animal. Through the jugular cannula 
central venous pressure was measured and shed blood 
was retransfused after hemorrhage. 

Determinations of arterial Pos, Pco; aud pH were 
made at 15-minute intervals (IL Blood Gas Analyzer). 
Ventilatory rate and volume were adjusted periodically 
to correct respiratory alkalosis. Serum cortisol (com- 
petitive-binding technic) and serum calcium were meas- 
ured in ten animals before hemorrhage and midway 
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during the 3-hour period of subsequent hypotension. 

In the first 12 animals, gastrostomy was constructed 
immediately before hemorrhage by suturing an opening 
in the greater curvature of the stomach to the skin. In 
subsequent experiments, gastrostomy was performed 
under pentobarbital anesthesia 48 hours prior to hemor- 
rhage. 

Through a carotid cannula, each animal was bled 40% 
of its estimated blood volume !5 at a rate of 15 ml./ 
minute. Ringers solution was infused at a rate of 90 
drops/minute in four animals with systolic blood pres- 
sure below 30 mm. Hg and was stopped when pressure 
stabilized at 40 mm. Hg. Hypotension in the range of 
30-40 mm. Hg (systolic) was maintained for 3 hours 
before shed blood, collected in ACD solution and stored 
at 4°C, was retransfused slowly at a rate of 10 ml./ 
minute. 

Survivors were caged overnight and allowed only 
water orally. Regular diet and activity were resumed 24 
hours after shock. No antibiotics were given. Gastroscopy 
utilizing a Jackson 8-40 bronchoscope passed through 
the gastrostomy stoma was performed every 12 hours to 
evaluate gastric mucosa. Animals were studied at au- 
topsy after death or at intervals of 24, 48 and 72 hours 
after retransfusion. Stomachs were excised, opened along 
the greater curvature, irrigated with saline and examined 
grossly for ulceration. Areas of mucosal damage were 
mapped, photographed and biopsied for histologic ex- 
amination after hematoxylin and eosin staining. 
Acidity 

Twelve additional piglets, six to 12 Kg. in weight, 
were prepared with gastrostomy (six animals) or pyloric 
fistula (six animals) for measurement of the effect of 
such ulcer producing hemorrhage on gastric acid secre- 
tion. A pyloric fistula was constructed under pentobar- 
bital anesthesia by dividing and closing the duodenum 
distal to the pylorus but proximal to the common bile 
duct. A 20F Foley catheter was inserted into the pylorus 
and secured with a purse string suture after inflation of 
the 5 ml. balloon. The catheter was brought through the 
ibdominal wall and sutured to the skin. 

A 20F Foley catheter with 20 ml. balloon was passed 
wally, inflated and withdrawn to occlude the cardio- 
'sophageal junction in both gastrostomy and pyloric 
istula pigs. With the animal in decubitus position, the 
tomach was irrigated with saline and emptied by grav- 
ty drainage over 30 minutes. 

Two 15-minute baseline samples of gastric secretion 
vere collected by gravity drainage and gentle syringe 
uction in each anesthetized piglet. Hemorrhage of 40% 
f the estimated blood volume was induced and hypo- 
ension was maintained for 3. hours. Fifteen-minute test 
amples of gastric secretion were collected 90 minutes 
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after completion of hemorrhage and immediately after 
retransfusion. Samples were measured for volume and 
analyzed for acid concentration by titration with 0.1N 
NaOH to an end-point of pH 7.4 (pH meter). Total HCI 
in each 15-minute sample was calculated by multiplying 
volume and concentration, Baseline and test values of* 
total HCl in milliequivalents were compared in each 
animal. 

In six other piglets, similarly anesthetized, laparotomy 
was performed and juxtamucosal pH measured by pass- 
ing a guarded, silver-silver chloride fiber-junction inte- 
gral reference electrode (IL #14163) through a gas- 
trotomy in the anterior gastric wall and touching areas 
of the gastric mucosa identified externally. The electrode 
was connected to a Beckman Model 76 expanded-scale 
pH meter which indicated pH at the tip of the probe. 

In three animals the pylorus was ligated before meas- 
urements. In all six animals three pH readings were ob- 
tained from the anterior and posterior gastric walls in 
the cardioesophageal region, fundus, body and antrum 
and, in gastrotomy preparations, the duodenum imme- 
diately before 40% hemorrhage, after bleeding, after 2 
hours of hypotension and after retransfusion. Mean base- 
line and test values in various regions were compared 
in each animal and related to areas of gastric ulceration 
noted at autopsy four hours later. 


Results 


Adult Model 


No gastric ulceration, as determined by gastroscopy or 
autopsy, occurred in any of the adult pigs stressed by 
restraint, corticosteroids, portacaval shunting, arterio- 
venous fistula or hemorrhage. 


Piglet Model 


Thirteen of 20 piglets survived hemorrhagic shock. 
Death during anesthesia was associated with respiratory 
alkalosis (mean pH 7.69, mean Pco, 5 mm. Hg) in all 
but one piglet. Periodic adjustment of ventilatory rate 
and volume in the final eight experiments prevented 
severe respiratory alkalosis and anesthetic death. 

Two piglets died 12 hours after retransfusion. Each 
had sloughed large portions of gastric mucosa (Fig. 1). 
Eight other animals died (two) or were autopsied 
(six) 24 hours after retransfusion. All hade multiple, 
superficial, punctate, mucosal ulcers, 1 to 4 mm. in diam- 
eter, in the antrum, body or fundus of the stomach along 
greater and lesser curvatures (Fig. 2). One animal, ex- 
amined at autopsy at 48 hours, had a single ulcer crater, 
l cm. in diameter, in the gastric fundus. Two piglets 
sacrificed at 72 hours had similar lesions (Fig. 3) which 
had been noted during gastroscopy one day earlier. 

All surviving piglets developed gastric lesions. Ulcers 


SWINE STRESS ULCER MODEL 


135 





Fic. 1. Open stomach of piglet dying 12 hours after hemorrhagic 
shock. Slough of mucosa in the body of the stomach has occurred. 


usually occurred in the body and fundus of the stomach 
along curvatures sparing the antrum and cardioesopha- 
geal region. Two animals bled from punctate ulcers and 
died within 24 hours of shock. 

Histologically, various patterns of mucosal damage 
were evident. In areas of minimal injury, arterioles and 
capillaries in the mucosa were engorged with erythro- 
cytes. Punctate lesions showed superficial mucosal necro- 
sis, edema and inflammatory cell infiltration with pres- 
ervation of muscularis mucosa (Fig. 4). In ulcer craters, 
the mucosa and muscularis mucosa were lost and the 
submucosa fragmented or destroyed. The histologic pic- 
ture resembled the appearance of acute stress ulcer in 
man. 

Serum cortisol levels during shock were greater (mean 
113%) than before hemorrhage in six animals studied 





Fic. 2, Opened stomach of piglet autopsied 24 hours after hemor- 
rhagic shock. Punctate ulcers in the body and antrum are evident. 
Darkened portions of body of the stomach represent confluent 
areas of mucosal hemorrhage. 


Fic. 3. Acute ulcer crater in stomach of piglet sacrificed 72 hours 
after hemorrhagic shock. 


(Table 1). Calcium levels were unchanged except in 
one piglet in which a low initial value (3.6 mEq/L) 
decreased (2.6 mEq/L) (Table 2). 
Acidity 

Seven of 12 piglets studied for gastric acid secretion 
survived shock. All developed gastric ulceration within 
24 hours of retransfusion. Baseline 15-minute acid secre- 
tion averaged 0.10 milliequivalents. Two piglets in- 
creased acid secretion (mean 169%) during shock re- 
turning to baseline secretory values after retransfusion. 
Other animals showed decrease or no change in gastric 
acidity during shock and after retransfusion (Table 3). 

Juxtamucosal pH did not change significantly in ani- 
mals subjected to gastrotomy. Values were lower in the 
fundus, body and antrum of pylorus ligated piglets 
during hypotension returning to normal with retransfu- 
sion (Table 4). In both groups localized areas of mucosa 
in the fundus and body, usually along the greater curva- 
ture, had sharply reduced juxtamucosal pH (1.5-2.5). 
These areas were 3 to 5 mm. in diameter and conformed 
closely to the location of ulcers found at autopsy 24 
hours later. 


Discussion 


We encountered unexpected difficulty in producing 
stress ulcers in adult pigs. The high incidence of spon- 
taneous gastric ulcer in swine suggested that it would 
be simple to reproduce the lesion in stressed laboratory 
animals, Twenty per cent of slaughtered pigs have gas- 
tric ulcers in the aglandular cardioesophageal region.* 
Such ulcers have variously been attributed to parasites, 
nutrition, gelatinized feeds, breed, seasonal prevalence 
and even temperament. 
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Fic. 4A. Acute, superfi- 
cial necrosis of gastric 
mucosa is evident at site 
of punctate ulcer. The 
muscularis mucosa and 
submucosa are intact. 


Fic. 4B. Magnification of 
ulcer margin shows mu- 
cosal necrosis with cellu- 
lar debris and inflamma- 
tory cell-infiltration in 
punctate lesion. Adjacent 
gastric glands appear 
normal, 
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TABLE 1. Serum Cortisol Values Increased by Mean 113% in Six 
Animals during Hemorrhagic Shock (ug./100 ml.). 
Experiment Baseline Shock 
1 14.7 30.5 
2 17.5 26.5 
3 8.3 27.0 
4 15.5 18.7 
5 1.5 21.5 
6 7.5 14.0 





Experimentally, ulcers can be produced in pigs by 
injecting histamine?‘ or reserpine,? by transplanting 
the liver !5 or by delaying gastric emptying with vagot- 
omy.* None of these is analogous to clinical stress. 

Preliminary studies in adult pigs were designed to 
reproduce stress as it might occur before clinical stress 
ulceration. Creation of arteriovenous fistulae was in- 
tended to simulate the high cardiac output and low 
peripheral vascular resistance frequently characterizing 
sepsis and stress ulcer in man. Neither this nor porta- 
caval shunting induced ulceration in adult animals. For- 
tuitously we were using piglets for other concurrent 
experiments and noted their propensity for ulceration 
after major blood loss. 

Swine and humans share many basic characteristics 
of gastric physiology. Although squamous epithelium ex- 
tends through the esophagus to line the gastroesophageal 
junction in pigs, gastric secretory function is similar in 


the two species? Glandular portions of the pig stomach - 


are similar to man's, responding to histamine stimulation 
and secreting gastrin.” 

The role of gastric acid secretion in the etiology of 
stress ulcer is debated. Values of acidity in patients 
stressed by operation, burn or trauma have been re- 
ported as high, low ! and normal.’® Analysis of gas- 
tric secretion in patients is often unreliable due to in- 
complete collection or back diffusion of H-- from the 
lumen of the stomach. An animal model provides means 
of more accurately collecting secretion and measuring 
ionic flux. 

The piglet model, however, demonstrates no consist- 
ent pattern of change in gastric acid secretion during 
stress. Secretory volume is low in young anesthetized 
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TABLE 3. Gastric Acid Secretion Increased during Hemorrkag. 


Shock in Two of Seven Animals. Secretion Was Reduced or 
Unchanged in the Remainder (mEq/15 min.). 








Experiment Baseline Shock Retransfusion 
1 .04 .03 .02 
2 .07 .05 .05 
3 .12 .09 .09 
4 .08 .22 .02 
5 .06 .03 .04 
6 .21 55 17 
7 13 .06 .08 





pigs and total acid recovered is scant. The two animal 
showing increased secretion during shock had norm: 
values 2 hours later after retransfusion. It seems unlikel 
on the basis of these data that total acidity is of prim 
pathogenic importance in these stress ulcers. 

Hypocalcemia increases hydrogen ion back-diffusio 
through the gastric wall in rabbits? Such diffusion de 
creases recoverable gastric acid. Hypovolemic piglets d 
not develop hypocalcemia and their lack of acid hype 
secretion cannot be explained on that basis. Elevate 
corticosteroids during stress have not been shown t 
consistently increase gastric acidity. 

Juxtamucosal pH measured at the surface of gastri 
mucosa is not identical with luminal pH? Loss of mucos 
lowers values by eliminating alkaline reacting adherer 
mucus. The decreased juxtamucosal pH in the dist: 
stomach of stressed pylorus ligated animals is puzzlin 
Presumably changes in the protective mucous barrie 
occurred which destroyed adherent mucus. Reflux c 
duodenal alkaline fluid may have maintained norm: 
juxtamucosal pH in comparable areas of the stomac 
in gastrostomy piglets. 

Of greater importance is the finding of sharply loca 
ized areas of markedly reduced juxtamucosal pH in th 
body and antrum at sites where ulceration subsequentl 
occurred. Again, this might be due to localized loss « 


TABLE 4. Juxtamucosal pH (Mean Values of Three Reading 
Decreased during Shock in the Fundus, Body and Antrum of 
Pylorus Ligated Piglets. 





Post- Retrans 
Preparation Region Baseline bleed Shock fusion 
TABLE 2. Serum Calcium Values Were Unchanged during Hemor- Gastrotomy Cardia 6.7 6.5 6.7 6.1 
rhagic Shock Except in Experiment Five Where the Value De- (3 experi- Fundus 6.2 5.9 6.7 . 6.3 
creased. Gastric Acid Secretion Was Not Increased during ments) Body 5.8 5.2 6.3 6.1 
Shock in This Animal (mEq./L). Antrum 5.0 5.3 6.3 5.8 
Pylorus 6.3 6.1 6.4 6.2 
Experiment Baseline Shock Duodenum 6.5 6.8 6.7 6.6 
1 4.6 4.4 Pylorus Cardia 6.5 6.0 5.9 6.5 
2 4.3 4.5 Ligated Fundus 6.1 4.6 3.9 6.4 
3 4.6 4.7 (3 experi- Body 6.0 4.3 4.4 5.9 
4 4.2 4.1 ments) Antrum 5,9 3.9 4,4 6.0 
5 3.6 2.6 Pylorus 6.1 5.9 6.2 6.3 
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adherent mucus representing an early step in the de- 
velopment of stress ulcer or an early result of ulcer for- 
mation itself. : 

While the dog is protected by respiratory alkalosis 
during: hemorrhagic shock,! the piglet apparently is not. 
No piglet with arterial pH over 7.6 survived. Under- 
ventilation prevented alkalosis in some animals. Later, 
administration of a gas mixture of 93% oxygen and 7% 
carbon dioxide was used to avoid this complication. 

A reliable animal stress model is useful to study gas- 
tric mucosal blood flow, mucosal competency to ionic 
flux, gastroduodenal motility and mucus secretion during 
stress. Through these and other measurements, the patho- 
physiology of stress ulcer may be further clarified. 


Conclusion 


I. Adult pigs do not reliably develop gastric ulcers 
despite various forms of severe stress including hemor- 
rhage. 

2. Young pigs in contrast have a significant propensity 
for such ulceration. Thirteen of 20 piglets survived hem- 
orrhage of 40% of blood volume and developed gastric 
ulcers similar to clinical stress ulcers within 72 hours. 

3. Gastric acid secretion did not change consistently 
during or after hemorrhagic shock and is unlikely to be 
of prime pathogenic significance in stress ulcer. 

. 4, Juxtamucosal gastric pH decreased during shock in 
the very areas in which ulcers subsequently developed. 

This decrease might be the result of, not the cause of, 
such ulceration. 

5. The piglet stressed by hemorrhagic shock repre- 
sents a reliable animal model for the study of stress ulcer. 


Addendum 


Since submission of this manuscript, A. A. Goodman 
and M. P. Osborne have described a similar experimental 


model of stress. ulceration. (An Experimental Model. 


and Clinical Definition of Stress Ulceration. Surg. Gyn. 
Obstet., 134:563, 1972. ) 
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The Role of Jejunal Distention and the Initiation of the 


HE ROLE OF jejunal distention in the initiation of the 
d donor syndrome has been diminished by the em- 
phasis on the action of hyperosmolar solutions. Machella 
observed, in 1950, that balloon distention of the je- 
junum in normal human volunteers produced symptoms 
of abdominal discomfort resembling the dumping syn- 
drome.? He produced the same effect by instilling 50% 
glucose into the jejunum, and demonstrated fluid accu- 
mulation within the jejunal lumen. He was the first to 
suggest that hyperosmolar solutions initiate the dumping 
syndrome through jejunal distention resulting from 
plasma fluid transfer in response to an osmolar gradient. 
Subsequently, many investigators have induced hemo- 
dynamic changes associated with the dumping syndrome 
in animals and humans by introducing hyperosmolar so- 
lutions into the jejunal lumen."*® The dumping reac- 
tion has been attributed to the effect of vasoactive 
substances released from the jejunal mucosa by hy- 
perosmolar solutions. The role of jejunal distention 
without hyperosmolar solutions, has not been further 
investigated. 
Method 


A group of mongrel dogs were prepared for chronic 
study. Three operative stages were carried out, with a 
sufficient interval after each to allow for recovery of the 
animal. In the first stage a loop of upper jejunum was 
exteriorized leaving intact the neurovascular pedicle 
(modified Biebl loop ?). The exteriorized loop was par- 
tially sheathed by skin and subcutaneous tissue to pro- 
vide it with a normal environment, and was used as a 
route for the injection of solutions into the jejunum. 


.During the second operation, an electromagnetic flo- 
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probe was implanted on the aorta just above the hear 
to record cardiac output (without coronary artery flow) 
and a catheter was inserted into the aorta to recorc 
mean arterial pressure. During a third operation, ar 
electromagnetic floprobe was implanted on the juxta 
aortic portion of the superior mesenteric artery, and : 
catheter was inserted through a branch of the splenic 
vein into the portal vein. All leads and catheters wer 
brought out through a subcutaneous tunnel to a poin 
on the back where they penetrated the skin. The technic 
used to record all hemodynamic parameters was de 
scribed elsewhere.59:1 The animals were trained to lic 
quietly on the recording table during the experiments 
No anesthesia or sedation were required. 

After establishing control steady state values, the 
standard dumping response (SDR) was induced: by the 
introduction of 100 ml. of 50% glucose through the Bieb 
loop upstream into the jejunum at a rate of 25 ml./min 
A skin wheal of 1% procaine was used at the site of injec 
tion. This technic was duplicated for the instillation ol 
polyethylene glycol-200 (0.3 molar). Physiologic saline 
(PSS) was used as a control solution. 

Hemodynamic parameters were recorded and analyzec 
at intervals of 1, 3, and 5 minutes and every 5 minute: 
thereafter for a period of 60 minutes or m the re 
sponses returned toward normal. 

Cardiac output (CO) and superior mesentery artery 
flow (SMAQ) are given in ml./min./Kg. of body weight 
of each dog, mean arterial blood pressure (BP) in 
mm./Hg and portal venous pressure in cm. HzO. Total 
peripheral resistance (TPR) and mesenteric regional re- 
sistance (MRR) were calculated as mm. Hg/ml. x 
min? x Kg. 
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All changes.are expressed as mean differences from 
mean steady state values. Changes in hemodynamic 
variables relative to the steady state values were ana- 
lyzed by the paired t-test. 


Results 


Steady State: 


The following are the steady state values from a series 

of 34 experiments in 15 dogs. These values are within 

the range reported by other authors? Mesenteric re- 

gional resistance and total peripheral resistance were 
derived from the measured parameters. 


Splanchnic: 


Superior mesenteric artery flow (SMAQ), 181 ml./ 
min. + 12, (149 ml/Kg./min. + 1.2); portal venous 
pressure (PVP), 13 cm. water + 1.5; mesenteric vascular 
resistance (MRR), 0.575 resistance units (RU) + 0.078; 
SMAQ/cardiac output (CO) ratio 9.6% + 1.2. 


Systemic: 


CO, 1920 ml/min. + 150, (178.5 ml/Kg./min. + 
14.3); heart rate (HR) 96 beats/min. + 3.7; mean 
arterial blood pressure (BP) 113 mm. Hg + 3.3; total 
peripheral resistance (TPR), 0.058 RU = 0.004. 

The observed manifestations of the dumping syndrome 
included increased salivation, restlessness, agitation, and 
hyperperistalsis. Diarrhea was noted in slightly more 
than one-half of the experiments (532). 


The Standard Dumping Response to 50% Glucose (SDR) 


The changes in superior mesenteric resistance and flow 
were triphasic. During the first phase, there was an im- 
mediate decrease in MRR and corresponding increase in 
SMAQ, reaching maximal levels of —28%, and +50%, 
respectively, within 5 minutes. During the second phase, 
there was a reversal toward, but not reaching, control 
values of MRR and SMAQ over an interval of 30 min- 
utes. The observed symptoms of the dumping response 
were most intense during this interval In animals in 
which diarrhea occurred, the increase in resistance ob- 
served in Phase II was greater than in those animals in 
which diarrhea had not occurred. Phase III consisted of 
a return toward Phase I values, followed by gradual 
recovery within 75 to 90 minutes. 

The changes in portal pressure did not follow a tri- 
whasic curve. There was a progressive increase in PVP, 
«eaching peak values between 30 to 40 minutes. Gradual 
«ecovery occurred thereafter. 

The increased mesenteric flow was associated with a 
significant redistribution of cardiac output from the sys- 

:emic to the mesenteric circuit, The proportion of cardiac 
vutput entering the mesenteric circuit increased from a 
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control value of 9.6% to 13.8% during Phase I. This repre- 
sents an increase of 30.3%. 

The major systemic circulatory responses consisted of 
intense peripheral vasoconstriction, increased heart rate, 
and reduced cardiac output. Blood pressure was main- 
tained or slightly exceeded control value. . 


Response to Polyethylene Glycol 


The mean differences from baseline mean values for 
mesenteric and systemic hemodynamic changes, com- 
pared to SDE. and PSS are shown in Tables 1 and 2. The 


results are summarized below. 


SMAQ 


The peak increase in flow (Phase 1) occurred one 
minute after instillation of PEG as well as 50% glucose. 
Phase II changes, a period of relatively reduced flow, 
did not appear in the PEG experiments; instead, the 
flow reached and maintained plateau levels, all of which 
were significantly increased. The control experiments 
with PSS revealed a slightly increased flow, reaching 
significance during only one interval (50 minutes). 


MRR 


Mesenteric resistance was significantly reduced 
throughout the study period, again differing from SDR 
only during Phase II, an interval of increased resistance. 
There was no change following control experiments with 
PSS. 


PVP 
The response to PEG and the SDR were similar, if 


not identical, representing a significant persistent in- 
crease in portal pressure. 


CO 


There was an appreciable reduction in CO which did 
not reach significance, as contrasted with SDR where CO 
fel! strikingly. No consistent changes occurred with PSS. 


HR 


There was no significant increase in HR following 
PEG. Changes after PSS were inconsistent and inconse- 
quential. 


BP 


A, significant increase in BP was noted during all time 
intervals except one. SDR changes were similar, but 
were not significant. PSS produced no appreciable re- 
sponse. 


TPR 


Peripheral resistance was significantly increased after 
PEG and 50% glucose. The responses were similar. There 
was no change with PSS. 


«p 
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TABLE 1. Mesenteric Hemodynamic Chenges in the Standard Dumping Response to 50% Glucose Compared with the Response to Polyethylene 
Glycol and Phystologic Saline. 














Time (min) 1 3 5 10 20 30 40 50 60 75 
SMAQ 
— 14.9 + 1.2 ml/Kg./min 
SDR 
A ml./Kg./min 6.6 4.8 5.4 5 1.9 2.8 3.2 4.8 4.3 5.4 
No. of exper. 22 12 34 34 33 34 34 30 30 19 
Signif. s s s s s s S s s 
PEG 
A ml./Kg./min 10.8 6.1 5.5 5.4 7.2 7.1 8.3 8.3 7.3 6.3 
No. of exper. 10 10 10 10 10 10 9 9 9 9 
Signif. s s s S s s 8 s 8 s 
PSS 
A mi./Kg./min .81 .42 .5 .84 1.13 1.47 1.96 2.72 3.05 1.41 
No. of exper. 8 7 9 9 9 9 9 9 8 8 
Signif. E s 
MRR 
~ 575 + .078 resistance units 
“SDR 
A resist. units —.2 —.18 Al .13 .07 .04 .03 .07 .06 .09 
No. of exper. 12 6 12 12 11 12 12 12 11 6 
Signif. s s 
PEG 
A resist. units —.19 -—.13 —.1 —.d4 —.12 —.1 —.12 —.11 — .09 — .06 
No. of exper. 9 9 9 9 9 9 8 8 8 8 
Signif. s s s s 8 s s l 
PSS 
A resist. units .13 —.07 — .03 — .04 —.05 —.08 —.04 — .06 -—.05 —.05 
No. of exper. 8 7 9 9 9 9 8 8 8 7 
Signif. 
PVP 
—— 13.0 + 1.5 cm. water 
SDR 
A cm. water 2.2 2.0 4.1 4.4 3.9 5.5 6.9 4.5 4.0 2.0 
No. of exper. 12 6 12 12 12 12 12 12 11 6 
Signif. s s s s s s s s 
PEG 
A cm. water 3.7 3.3 3.4 5.1 5.1 4.5 3.7 5.6 6,2 4.7 
No. of exper. 9 9 9 9 9 9 9 9 9 9 
Signif. s s s s s s 8 s $ s 
SMAQ/CO 
——— 9.6% + 1.2 
SDR 
A per cent 3.3 4.2 2.8 3.7 1.7 3.2 2.2 2.4 2.5 1.6 
No. of exper. 6 6 13 13 13 13 10 10 6 
Signif. s s s s 5 s 
PEG 
A per cent 10.2 4.9 6.1 9.2 13.8 9.9 14.1 13.3 13.7 11.3 
No. of exper. 9 9 9 9 9 8 8 8 
Signif. s s s s s s s s S 
PSS 
A per cent 3 3 .1 .9 3 8 .6 3 3 .6 
No. of exper. 4 4 4 4 4 4 4 4 4 4 
Signif. 
A Represents mean of differences from base line values in each experiment. 
The letter s on the line "Signif." indicates greater than 95% probability. 
The absente of s indicates the values were not significantly different from baseline. 
SMAQ/CO Discussion 


The percent of CO flowing into the mesenteric circuit The major hemodynamic features of the standard 
greatly increased, reaching higher levels than noted in dumping response were reproduced by the introduction 
SDR. No change occurred in the control (PSS) experi- of PEG into the jejunal lumen in sufficient quantity to 
ments. distend the jejunal wall PEG was used in a 0.3 molar 
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TABLE 2. Systemic Hemodynamic Changes in the Standard Dumping Response io 50% Glucose Compared with the Response to Polyethyiene 


Glycol and Physiologic Saline. 
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Time (min) 1 3 5 10 20 30 40 50 60 75 
Cardiac Output 
— — 118.5 + 14.3 ml/Kg./min 
SDR 
A ml./Kg./min 7.9 —8.1 —8.4  —31.3 —27.9 —35.9 - 28. —27.1  —28.5  —22.8 
No. of exper. 6 6 13 13 13 13 13 10 10 6 
Signif. s s s s s s 
PEG 
A ml./Kg./min 9.7 —1.7 —5.4  —16.9  —25.8 3 —8.8  —10.8 —17.9  —21.5 
No. of exper. 10 10 10 10 10 9 8 8 8 8 
Signif. s 
PSS 
A ml./Kg./min 4.5  —10.2 —8.8 2.7 10.7 —5.2 —4.9 2.1 6.1 11.5 
No. of exper. : 4 4 4 4 4 4 4 4 4 4 
Signif. 
Heart rate 
96.0 + 3.7 beats/min 
SDR 
A beats/min 5.1 5 2.9 11.5 12.6 17.9 23.1 21.7 20.5 20.3 
No. of exper. 29 13 34 34 34 34 34 30 28 17 
Signif. s s s 5 s s s 
PEG 
A beats/min 9.3 .71 —3.2 4.2 7.9 1.4 2.5 3.2 .3€ 
No. of exper. 14 14 14 14 14 14 14 13 13 13 
Signif. 
PSS 
A beats/min —1.3 —6.4 —8.9 —1.7 0 .34 —6.1 —5.0 —.63 —2.5 
No. of exper. 8 7 9 9 9 9 9 8 8 7 
Signif. s s 
Blood Pressure 
113.0 + 3.3 mm Hg 
SDR 
A mm. Hg 2 2.5 7.2 9.2 9.6 8.1 7.5 6.3 3.3 0.2 
No. of exper. 26 13 33 33 33 33 33 30 29 16 
Signif. 
PEG 
A mm. Hg 6.6 6.1 4.9 1.2 10.4 13.0 21.7 14.2 13.8 10.8 
No. of exper. 14 14 14 14 14 14 14 13 13 13 
. Signif. 5 s s s s s s s s 
PSS 
A mm. Hg — .30 —5.1 1.6 5.3 46 1.1 6.9 7.0 4.8 7.0 
No. of expe-. 8 7 9 9 9 9 8 8 8 7 
Signif. s 
TPR 
——— .058 + .004 esistance units 
SDR 
A resist. u. 0 .01 .01 .02 .02 .02 .02 .01 .01 .01 
No. of exper. 6 6 13 13 13 13 13 13 10 6 
Signif. s s s s S 8 
PEG 
A resist. u. 0 .01 .01 .01 .02 .01 .02 .02 .02 .02 
No. of exper. 10 10 10 10 10 9 8 8 8 8 
Signif. s s s s s 8 s 
PSS 
A resist. u. 0 0 0 0 0 0 0 0 0 .01 
No. of exper. 4 4 4 4 4 4 4 4 4 4 
Signif. e 








A. Represents mean of differences from baseline values in each experiment. 
The letter s on the line “‘Signif.” indicates greater than 95% probability. 
The absence of s incicates the values were not significantly different from baseline. 


solution because in this concentration it is isosmolar; 
it is not absorbed nor does it produce an osmolar gradi- 
ent. Because the only intraluminal effect of isosmolar 
PEG was mechanical distention, our findings demon- 


ing response. 


strate that jejunal distention, alone, can initiate the pri- 
mary hemodynamic changes which comprise the dump- , 


The major difference in PEG response compared to 
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SDR is the lesser impact on the systemic hemodynamics 
of the former. We postulate that the systemic hemo- 
dynamic response in the dumping syndrome is second- 
ary to changes induced in the mesenteric circuit. The 
primary response in the mesenteric vascular circuit is 
‘decreased resistance, leading to increased arterial inflow 
and splanchnic pooling. The relative increase of blood 
contained in the mesenteric circulation reduces func- 
tional blood volume and venous return to the heart, 
leading to compensatory systemic circulatory changes, 
chiefly, increased heart rate and peripheral vasoconstric- 
tion. Reduced CO is a further consequence of reduced 
heart filling and increased TPR. 

The greater systemic circulatory response to 50% glu- 
cose in contrast to PEG may be due to the additional 
plasma volume loss in the former, the result of plasma 
fluid transfer into the jejunal lumen. No such luminal 
fluid accumulation occurs with PEG since an osmolar 
gradient does not exist. Measurable plasma volume losses 
in response to hypertonic glucose have been repeatedly 
documented.!:° Despite the significance of plasma fluid 
transfer, to attribute the systemic hemodynamic response 
in SDR solely to plasma volume changes is simplistic 
and does not explain the systemic effects of PEG. 

The lack of significant response to equal volumes of 
contro] solution (PSS), in the absence of an osmolar 
gradient, suggests that rapid absorption and/or disper- 
sion prevents jejunal distention. 

Another variation from the SDR in the PEG experi- 
ments was the absence of Phase II changes (transiently 
increased MRR and decreased SMAQ). Further experi- 
ments which explain this difference will be reported in 
another paper in which the underlying mechanisms will 
be explored. The triphasic response to hypertonic solu- 
tions has not previously been appreciated, due to the 
use of anesthetics and sedatives during the experi- 
ments,9:12 

The appearance of hemodynamic changes character- 
istic of the essential features of the SDR following PEG 
induced jejunal distention, belies a role for hypergly- 
cemia in the initiation of SDR. Blood sugar studies car- 
ried out in SDR revealed no correlation with hemody- 
namic changes, and were within normal range in the 
PEG experiments. These findings substantiate reports of 
other investigators. 
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Conclusions 


l. Jejunal distention, alone, can initiate the dumping 
response in conscious dogs. 

2. The primary response to jejunal distention is re 
duced mesenteric resistance and increased mesenteric 
flow. 

3. The response to hyperosmolar glucose supports the 
thesis that the primary changes in the mesenteric circui 
are due to the development of jejunal distention. 

4. The systemic circulatory responses are more sever 
following hyperosmolar solutions than polyethylene gly 
col. The differences may be due to the additional plasm: 
fluid loss secondary to fluid transfer across the intestina 
wall. 

9. It is suggested that the systemic circulatory re 
sponse to jejunal distention is secondary to, and a con 
sequence of, the changes occurring in the mesenteric 
circuit. 
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Critical Issues in Gastroduodenal Hemorrhage: 


HE DEBATE between those who advocate resection ? 

and those who propose vagotomy and pyloro- 
plasty 1°17 in active upper gastrointestinal hemorrhage 
continues. Frequently those who champion resection 
cite a small series of vagotomies and pyloroplasties in 
high risk patients with correspondingly high mortality 
as qualified evidence for their position in the face of the 
lower mortality of a much larger series of patients who 
have undergone resection. Usually the previous state of 
health of the patient undergoing operation is not men- 
tioned. Massive bleeding, by whatever definition, is as- 
sumed to be a greater indication for emergency opera- 
tion. Sometimes it is not clear whether all patients 
included in any given series are actually bleeding when 
the operation is performed. Resection might well be 
expected to arrest bleeding in a patient with gastric 
ulcer or gastritis whereas vagotomy and pyloroplasty 
might not. 

Two computer-assisted reviews of bleeding patients in 
Ohio State University Hospital were undertaken for 
purposes of determining the effect of vagotomy and 
pyloroplasty on bleeding duodenal ulcers and those fac- 
tors which might promote a beneficial result. The first 
review comprised all patients who underwent vagotomy 
and pyloroplasty for bleeding duodenal ulcer during the 
years 1963 through 1969. Some resections were per- 


formed during this period but were not the procedures’ 


of choice; the experience in this hospital with resec- 
tions has otherwise been reported.?? The second review 
gave mortality data of patients bleeding from all upper 
gastrointestinal causes during the years 1963 through 
1967 contrasted with certain factors that might promote 
operative or nonoperative survival. From the first review 
the overall result of vagotomy, pyloroplasty, and suture- 
ligation of the bleeding duodenal ulcer is seen without 
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respect to specific indications for the operation. From the 
second review some factors seem significant in managing 
the patient before operation and in selecting the time 
for performing it. 


Results 


During the 7-year period, 1963-1969, 45 patients un- 
derwent vagotomy, pyloroplasty, and suture-ligation of 
the bleeding duodenal ulcer with three deaths (6.7%) 
( Table 1). Thirty-four patients had massive hemorrhage 
(active bleeding with one or more of the following: 
shock or coma, Hct below 25 or Hgb below 7, or use cf 
more than six pints of blood in 24 hours to stabilize 
pressure), of whom two died (5.92). Two of the patients 
age 60 or over died (15.4%). Three of the 20 patients 
with coexisting disease did not survive (15.02). One of 
the two patients who rebled in the hospital after opera- 
tion died. (The incidence of rebleeding was 4.4%). The 
cause of death, however, in the patient who rebled was 
pulmonary embolism rather than exsanguination. This 
patient also had ulcerative colitis, chronic pancreatic 
abscess and pseudocyst. Of the other two deaths, one 
was due to a cerebrovascular accident, the second indi- 
vidual had a cerebrovascular accident, aspiration pneu- 
monitis, and subdiaphragmatic abscess. 

The potentially lethal factors of age and» coexisting 
disease are re-examined in the review of all patients who 
were admitted to the hospital with gastroduodenal bleed- 
ing or who developed it during hospitalization for other 
reasons during the years 1963 through 1967. These 
patients constituted 0.6% of all hospital admissions in 
this period. Oz the total 704 patients 69% were men 31% 
women; 80.3% white, 19.5% black, and 0.2% of other 
races. One hundred and forty-nine were age 21—40, 263 
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Taste 1. Vagotomy/Pylorcplasty for Actively Bleeding Duodenal 








Ulcer 
1963-1969 45 Cases: 3 Deaths (6.7%) 
Characteristics No. Mortality 
Massive Hemorrhage 34 2 (5.9%) 
* Age 60 or More 13 2 (15.4) 
' . Coexisting Disease 20 3 (15.0%) 
Bleeding Postop. 2 1 (50%) 


age 41-60, and 228 age 61-80. The overall mortality 
was 24.3%. Two hundred and three patients had bleeding 
duodenal ulcers, with 7$ deaths; 103 had bleeding gas- 
tric ulcers (33% deaths), 67 had hemorrhagic gastritis 
(17.9% deaths ), 81 had esophageal varices (42.0% deaths), 
51 had leukemia/lymphoma (65.0% deaths), and there 


_ were 145 undetermined causes of bleeding (17.62). There 


were 54 patients. bleeding from lesions associated with 
hiatal hernia, marginal or stress ulcers, or tumors with 
42.6% deaths. 

The diagnosis of duodenal ulcer was made on the 
bases of X-ray findings of ulcer crater or deformed 
duodenal bulb, or direct observation at operation. The 
existence of a gastric ulcer was established by contrast 
study or direct observation through surgery or the gas- 
troscope. When the roentgenologic evidence for gastric 
or duodenal ulcer was negative and the clinical presenta- 
tion was suggestive of gastritis, the diagnosis was enter- 
tained, often with, but sometimes without direct con- 
firmation by gastroscopy. In these instances there was 
usually, a history of excessive ingestion of alcoholic bev- 
erages or salicylates. 

Four hundred and forty-eight of the 704 patients 
treated for upper gastrointestinal hemorrhage during the 
years 1963 through 1967 were actively bleeding, the re- 
mainder had hemorrhage of a chronic nature detected 


TABLE 2. Factors Affecting Mortality from Gastroduodenal Hemor- 
rhage—448 Bleeding Patients* 








% Deaths 

Age 

Less Than or 59 17.1 

More than 60 24.6 
. Coexisting Disease 

Present 36.6 

Absent 4.7 
Hemorrhage, Duration 

Stopped . 8.0 

Recurred or Continued 44.2 
Hemorrhage, Amount 

Massive 22.2 

Not Massive 17.4 
Type of Management 

Joint 20.7 

Surgical 17.5 

Medical 24.2 





* 345 on Admission, 103 after Hospitalization. 
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TABLE 3. Coexisting Diseases in Gastroduodenal Hemorrhag 
448 Bleeding Patients 
345 Bleeding on Admission % 
Drugs Provocative of Hemorrhage 4 
Cardiovascular Disease 2 
Carcinoma 


Miscellaneous 
Diverticulitis/Diverticulosis 


Emphysema ; 
Uremia 4.5 
103 Bleeding after Admission Fraction 

Miscellaneous Medical Problems >} 
Postop. Neurosurg. or Aneurysm 1/3 
Cancer 1/10 
Nonop. Neurosurgery 1/20 








through analysis of the stool for occult blood. The mor- 
tality in active bleeding for those over age 60 was only 
slightly higher than that for younger patients (Table 2). 
On the other hand the fatality for those with coexisting 
disease was more than seven times that for those without 
coexisting disease. (A description of the coexisting dis- 
eases is seen in Table 3). If the bleeding continued or 
stopped then began anew the percentage of deaths was 
increased fivefold over that observed in the patients in 
whom the bleeding stopped. An isolated figure for later 
comparison is the 21% mortality in patients with con- 
tinued or recurrent bleeding from a duodenal ulcer, who 
did not undergo any operation. Whether the bleeding 
was massive or not seemed to have little effect on the 
rate of mortality. There was little difference in mortali- 
ties of patients managed solely by the medical or surgi- 
cal services, or jointly. ( Three-fourths of the jointly man- 
aged patients changed from the medical to the surgical 
service during early hospitalization, while the rest 
changed in the opposite direction). Relatively more pa- 
tients with massive bleeding were managed jointly by 
operative approaches without increase in mortality, the 
proportions with coexisting diseases were about the same 
( Table 4). 

Data concerning the effects of certain aspects of ward 
management are contained in Table 5. Use of the hemor- 
rhage sheet * for monitoring blood loss was accompanied 
by a 50% reduction in the mortality, while use of serial 
hemograms was associated with a two-thirds reduction 


TABLE 4. Characteristics of Type of Management—448 Bleeding 








Patients 
Medical Surgical joint 
Total Patients 177 189 82 
Bleeding on Adm. 127 150 68 
Bleeding after Adm. 50 39 14 
Deaths % 24.2 17.5 20.7 
Massive Bleeding % 23.7 36.0 52.4 
Operations % 0 34.9 65.9 
Coexisting Disease 70.6 55.6 67.1 
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"TABLE 5. Factors of Ward Care in Gastroduodenal Hemorrhage TABLE 6. Parameters of Operative Intervention and Mortality in 
448 Bleeding Patients Gastroduodenal Hemorrhage—448 Bleeding Patients 
No. % Deaths No. 90 Deaths 
ined ad Sheet Time Site of Bleeding Known 
s 224 12.1 Hours 92 5.4 
Rol s 224 28.0 Later 354 24.0 . 
tar Lemograms Continuous Days Blood Given 
Done 373 15.0 : 
Not Done 75 45.3 No Transfusion 86 19 
Iced Saline Lavage 1 Day Only 148 19 
Done 128 21.1 2 or More Days 213 21 
ae — 220 28.5 Maximal Units Transfused in 
Stopped Bleeding 17 29 ad Hows... o 
Bleeding not Stopped 22 41 Wo1 ransfugion 36 13 
Overtransfusion 1-3 Units 235 15 
Number 11 i 46 4 or More Units 126 31 





of fatality. The mortality rate was only slightly less 
when iced saline was employed than when it was not 
used. It cannot be ascertained, however, whether this 
technic was used in one highly successful manner. In 
the relatively few instances where gastric cooling was 
employed the fatality rate was one-third less than that 
obtained when it was not used. Overtransfusion (the 
criteria being congestive failure, hypertension, or hema- 
. tocrit 45% or more/hemoglobin 15 Gm./100ml. or more 
after transfusion) was infrequent but associated with a 
death in almost one out of every two instances. 

In choosing the type of operative procedure and the 
time for operation to arrest hemorrhage the surgeon 
must determine the site of bleeding and have reliable 
criteria for intervention. X-rays were diagnostic when 
performed as an emergency before stabilization of hemo- 
dynamic status in 23.5% of bleeding patients on whom 
the examination was done. If the contrast study was 
done after hemodynamic stability or on an elective basis 
it was diagnostic in 51.5%. The rapidity with which the 
site of bleeding was determined had some substantial 
influence on the rate of mortality, whether this was 
achieved by X-ray, gastroscopy, or operation (Table 6). 
If the bleeding site was identified within hours after 
hemorrhage was known the mortality was about one- 
fifth of that obtained when the site was found later. ‘The 
per cent mortality did not change whether the patient 
required transfusion, transfusion for one day only, or 
transfusion for 2 or more days. However the mortality 
doubled if four or more units of blood were required to 
maintain the hematocrit around 30 with stability of pulse 
and blood pressure (as is the practice in University Hos- 
pital). 


Discussion 


The relatively low rate of mortality (6.7%) for vagot- 
omy, pyloroplasty, and suture-ligation of the actively 
bleeding vessel lies in the lower portion of the range of 


0-22% reported in the literature,*11.171® The lower rates. 


of mortality are usually found in series in which this 
operation is the procedure of choice. The present mor- 
tality is somewhat lower than that (7.8%) found in this 
hospital 2°. during the era in which resections were fa- 
vored for active bleeding from duodenal ulcer. The in- 
cidence of rebleeding (4.4%) is in the lower portion of 
the range of 0-19% in the literature *1177 and is some- 
what higher than that determined in University Hospital 
for resections (2.6%). 

Since vagotomy, pyloroplasty, and suture-ligation of 
the bleeding vessel proves effective, what issues in duo- 
denal hemorrhage remain that might adversely affect 
chances for survival? The procedure is often reserved 
for the aged bleeder, but age need not be an essential 
factor (Table 2). Although the rate of mortality is higher 


for those over 60 who undergo the procedure (Table 1), ` 


and age, in general, is thought to increase mortality dur- 
ing hemorrhage,!* coexisting disease, with and without 
advanced age, appears a more lethal factor 1° (Table 2). 
It has been found !* that the risk of dying is the same in 
patients who develop medical complications whether 
they undergo operation or not. The presence of coexist- 
ing disease at any age, therefore, may lead the surgeon 
to employ vagotomy and a drainage procedure rather 
than vagotomy and resection since the operative mor- 
tality should be lower for the lesser procedure although 
the recurrence rate of ulcer formation is admittedly 
higher. 

It may be surprising that the mortality, in massive 
bleeding was only slightly higher than that in non- 
massive bleeding (Table 2), but the criteria for massive 


bleeding may be arbitrary. Nevertheless joint or medical/ ` 


surgical management of the massive bleeder with co- 
existing disease proved rather successful (Table 4). The 
fivefold increase of mortality with recurrent or continued 
bleeding is expected."!* It would seem that random as- 
signment of patients to forms of management for mas- 
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sive? or nonmassive bleeding should take into account 
the influences of coexisting disease and joint management 
as well as the characteristics of the hemorrhage. 

Other factors are important too. Despite the known 
inaccuracy for absolute values, serial hematocrits are 
useful for monitoring the bleeding patient (Table 5), as 
is graphic representation on a hemorrhage sheet of the 
values obtained along with pulse and blood pressure.” 
An initial blood pressure of 80 mm. Hg or less indicates 
a more than three-fold increase in mortality.1° Iced saline 
lavage was found more effective in the hands of others 
using a standardized regimen.® The limited success of 
gastric cooling with balloon tamponade suggests this 
technic might be employed best for stabilization of the 
patient on the way to the operating room. Excess trans- 
fusion is distinctly harmful. The combination of early 


7-7 esophagogastroscopy and barium contrast studies can 


arrive at an accurate diagnosis in more than nine out 
of ten bleeding patients.!9* It was noted earlier that the 
accuracy of diagnosis by X-ray is roughly doubled when 
the contrast studies are performed after transfusion has 
stabilized the patient rather than before. If the site of 
bleeding is determined within hours of onset the mor- 
tality is vastly reduced ( Table 6). 

Others suggest the importance of acid/base abnormali- 
ties? and reduction in availability of oxygen !5 in acute 
hemorrhage. Non-operative methods of controlling gas- 
troduodenal hemorrhage through the use of vasocon- 
stricting agents and selective catheterization deserve 
wider clinical use.!5 Persantin remains in the experimen- 
tal stage.! 

Criteria for operative intervention in hemorrhaging 
patients remain variable and are likely to remain so 
until more randomized and prospective series are im- 
plemented. The tendency to earlier operation is once 
again popular.?!$ The importance of determining the 
bleeding point within hours of the first encounter with 
the bleeding patient is illustrated through the fivefold 
reduction in mortality (Table 6}. Timing of operation is 
often based on criteria resembling those proposed by 
Dunphy and Hoerr5 Operation is decided if blood loss 
exceeds one unit of blood transfused every 8 hours, after 
initial replacement and stability are achieved at an hema- 
crit of 31-40. Loss of 402 of the blood volume of a dog 
in a period of minutes without replacement usually leads 
to death o$ the animal? Mortality data for loss of an 
equivalent or greater amount of blood in animals over a 
period of a day or two are lacking. The hematocrit of 30 
(hemoglobin 10) represents roughly a 40% blood loss if 
the initial hematocrit was 45 and the blood volume about 


` 6 liters. The data presented (Table 6) indicate that mor- 


tality doubles if blood loss exceeds three units in a 24- 


hour period while it remains about 20% whether transfu- 
sion is necessary 1 day, 2 or more days, or not at all. 
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Yet whereas the young, healthy patient may truly ex- 
sanguinate with massive bleeding without ligation of the 
broken vessel, the older arteriosclerotic patient may die 
of myocardial infarction or a cerebrovascular thrombosis 
if the operation is not performed at an earlier time for 
lesser even slight amounts of blood loss. 

Revised criteria for operation on the individual with 
bleeding duodenal ulcer are evolved from such con- 
siderations. Early identification of the bleeding site is 
essential. Recurrent bleeding, bleeding longer than 24 
hours, or blood loss requiring more than three units of 
blood transfusion in 24 hours to stabilize the hematocrit 
at 30 should direct the immediate preparation óf the 
patient for vagotomy, pyloroplasty, and suture-ligation 
of the bleeding vessel, or a resection as characteristics of 
the patient dictate. The bleeding patient with coexisting 
disease should have the advantages of joint medical/ 
surgical management from the time of initial presenta- 
tion with ultimate authority for the patient residing in 


‘the physician who can ligate the bleeding point. Such a 


patient requires an earlier decision for operation if he is 
to benefit from it. The ultimate aim remains in the tech- 
nical efficiency of the operation itself and the reduction 
to a minimum of the additional insult of hemorrhage to 
an already diseased patient. 


Summary 


Vagotomy, pyloroplasty, and suture-ligation of actively 
bleeding duodenal ulcers were performed in 45 patients 
in University Hospital during the years 1962 through 
1969 with a 6.7% mortality and a 4.4% incidence of re- 
bleeding during the early postoperative period. Retro- 
spective analysis of all patients (448) treated for active 
hemorrhage during the years 1962 through 1967 deter- 
mined certain factors which promoted or hindered a 
favorable outcome. Coexisting disease or continuous/ 
renewed bleeding increased the mortality five to seven- 
fold. Age of the patient was of less importance. Joint or 
medical/surgical management of the patient with co- 
existing disease proved more effective. General criteria 
for operation on patients with bleeding duodenal ulcers 
should include early determination of the bleeding site, 
recurrent bleeding or bleeding beyond 24 hours, or blood 
loss requiring more than three units of blood transfusion 
in 24 hours to stabilize the hematocrit at 30. Early deci- 
sion is advisable on any patient with coexisting disease. 
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SOAKTHROUGH! 
. Danger of 

contamination 

from wet cloth . 


dr 'apes Twenty years ago Beck and 
Collette reported that when cloth drapes - 
or gowns become wet, there is danger of 
contamination. Today, leaders in aseptic 

. OR. techniques agree that wet cloth can 

spread contamination to the wound site. TUS 

i In 1969, Dineen reported that En 
wet * 0 drapes allow bacteria to pass A 
through the drape onto the sterile field. 
When a water-repellent material was used — 


A BARRIER Drapes), this did not occur. 
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Average of 5 tests per subject—11 subjects—55 results for each fabric. 
(This is an actual photo of the back of a wet cloth drape. Previous page shows front of 
same wet drape.) 
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in vivo and in vitro studies show that, 
BARRIER Pack and Gown Fabrics Pw 


prevent bacterial migration. . 
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real help in tissue approximation. 
The inert suture that glides so 
easily through tissue that pull-out 
is easy for you...easy on the patient. 


PROLENE 


TRADEMARK 


Polypropylene Suture 


T andanaka i TAn Danana 


22A 








Ketalar 
(Ketamine HCl) 





Progress? 


Report 


One year of nationwide 
clinical use; one decade of 
research and development 
at Parke-Davis. A continu- 
ing program that has 

made KETALAR anesthesia 
a reality. 


In high-risk surgery, 
an added measure 
of safety 


KETALAR lessens surgical risk 
for many emergency and 
“poor-risk’’ patients. It often 
elevates blood pressure. It 
usually affects respiration 
minimally and leaves pro- 
tective laryngeal-pharyngeal 
reflexes intact. Airway pa- 
tency can usually be main- 
tained without intubation. 











In routine induction, 
a smooth, 
uncomplicated start 


KETALAR provides efficient 
induction for practically any 
anesthetic regimen and is ad- 
ministered I.M. or IV. which 
greatly simplifies the proce- 
dure for children and adults 





7 \alike. KETALAR is also clini- 
[17. |cally compatible with com- 
[; |monly used general anes- 

4 |thetics, pre- and postanes- 
/ Ithetic medications, includ- 


ing anticholinergics, muscle 
relaxants, and tranquilizers. 


In short procedures, absence of tachyphylaxis 


more problems 
solved, fewer 
created 


KETALAR, as sole agent, 
simplifies and improves an- 
esthesia in a host of "prob- 
lem procedures." It has 
proven to be especially valu- 
able in the management of 
severe burn patients, and its 
rapid and profound anal- 
gesic effect provides a major 
advantage in numerous 
painful diagnostic tests and 
short surgical procedures 
not requiring skeletal mus- 
cle relaxation. The virtual 


















Jl |cardiac catheterization. 


and organ/tissue accumula- 
tion is a definite plus in re- 
petitive procedures. Grow- 
ing experience with 
KETALAR shows that emer- 
gence reactions can be ef- 
fectively reduced by allow- 
ing patients to awaken 
naturally with minimal ver- 
bal or tactile stimulation, 
and, where indicated, by 
employing agents such as 
droperidol or diazepam. 


In pediatrics, a new 
era in anesthesia 


KETALAR anesthesia repre- 
sents a milestone in the 
management of infants and 
children. It offers — for the 
first time — efficient general 
anesthesia by intramuscular 
injection. In terms of both 
efficacy and convenience, 
the clinical experience with 
KETALAR may qualify it in 
many instances as the agent 
of choice for pediatric 
anesthesia. 

KETALAR UPDATE: 

Now indicated for use in 


Now available in new 
100 mg./ml., 5 ml. vials 
for IM use. 


See next page for prescribing information. 


Ketalar 
(Ketamine HCl) 
Parke-Davis 


advancement in 
anesthesiology 








24A 


KETALAR (Ketamine Hydrochloride) 


SPECIAL NOTE: EMERGENCE REACTIONS HAVE OC- 
CURRED IN APPROXIMATELY 12 PER CENT OF PA- 
TIENTS. 

THE PSYCHOLOGICAL MANIFESTATIONS VARY IN SE- 
VERITY BETWEEN PLEASANT DREAM-LIKE STATES, 
VIVID IMAGERY, HALLUCINATIONS AND EMERGENCE 
DELIRIUM. IN SOME CASES THESE STATES HAVE BEEN 
ACCOMPANIED BY CONFUSION, EXCITEMENT, AND 
IRRATIONAL BEHAVIOR WHICH A FEW PATIENTS RE- 
CALL AS AN UNPLEASANT EXPERIENCE. THE DURA- 
TION ORDINARILY LASTS NO MORE THAN A FEW 
HOURS; IN A FEW CASES, HOWEVER, RECURRENCES 
HAVE TAKEN PLACE UP TO 24 HOURS POSTOPERA- 
TIVELY. NO RESIDUAL PSYCHOLOGICAL EFFECTS ARE 
KNOWN TO HAVE RESULTED FROM USE OF KETALAR. 
THE INCIDENCE OF THESE EMERGENCE PHENOMENA 
IS LEAST IN THE YOUNG (15 YEARS OF AGE OR LESS) 
AND ELDERLY (OVER 65 YEARS OF AGE) PATIENT. 
ALSO, THEY ARE LESS FREQUENT WHEN THE DRUG IS 
GIVEN INTRAMUSCULARLY. 

THESE REACTIONS MAY BE REDUCED IF VERBAL, TAC- 
TILE, AND VISUAL STIMULATION OF THE PATIENT IS 
MINIMIZED DURING THE RECOVERY PERIOD. THIS 
DOES NOT PRECLUDE THE MONITORING OF VITAL 
SIGNS. IN ADDITION, THE USE OF A SMALL HYP- 
NOTIC-DOSE OF A SHORT-ACTING OR ULTRASHORT- 
ACTING BARBITURATE OR OTHER AGENT SUCH AS 
DIAZEPAM MAY BE REQUIRED TO TERMINATE A 
SEVERE EMERGENCE REACTION. CERTAIN DRUGS 
SUCH AS DROPERIDOL OR DIAZEPAM INTRAMUS- 
CULARLY HAVE ALSO BEEN USED IN AN ATTEMPT 
TO REDUCE THE INCIDENCE OF EMERGENCE REAC- 
TIONS: SUFFICIENT DATA HAVE NOT YET BEEN 
ACCUMULATED TO CONSTITUTE THOROUGH DOC- 
UMENTATION. THE INCIDENCE OF EMERGENCE RE- 
ACTIONS IS REDUCED AS EXPERIENCE WITH THE 
DRUG IS GAINED. 

WHEN KETALAR IS USED ON AN OUTPATIENT BASIS, 
THE PATIENT SHOULD NOT BE RELEASED UNTIL RE- 
COVERY FROM ANESTHESIA IS COMPLETE AND THEN 
SHOULD BE ACCOMPANIED BY A RESPONSIBLE 
ADULT. 

INDICATIONS: Ketalar is recommended: 1. as the sole 
anesthetic agent for diagnostic and surgical procedures 
that do not require skeletal muscle relaxation. Ketalar 
is best suited for short procedures but it can be used, 
with additional doses, for longer procedures. 2. for the 
induction of anesthesia prior to the administration of 
other general anesthetic agents. 3. to supplement low- 
potency agents, such as nitrous oxide. 


See package insert for full prescribing information. 


CONTRAINDICATIONS: Ketalar is contraindicated in 
persons in whom a significant elevation of blood pres- 
sure would constitute a serious hazard and those who 
have shown hypersensitivity to the drug. 

WARNINGS: Ketalar should be used by or under the 
direction of physicians experienced in administering 
general anesthetics and in maintenance of an airway 
and in the control of respiration. Cardiac function 
should be continually monitored during the procedure 
in patients found to have hypertension or cardiac de- 
compensation. Barbiturates and Ketalar should not be 
injected from the same syringe. Prolonged recovery 
time may occur if barbiturates and/or narcotics are 
used concurrently with Ketalar. Postoperative confu- 





sional states may occur during the recovery period. 
Respiratory depression may occur with over-dosage or 
too rapid a rate of administration of Ketalar in which 
case supportive ventilation should be employed. Me- 
chanical support of respiration is preferred to adminis- 
tration of analeptics. 


USAGE IN PREGNANCY: Since the safe use in preg- 
nancy, including obstetrics, has not been established, 
such use is not recommended. 


PRECAUTIONS: Because pharyngeal and laryngeal re- 
flexes are usually active, Ketalar should not be used 
alone in surgery or diagnostic procedures of the 
pharynx, larynx, or bronchial tree. Mechanical stimula- 
tion of the pharynx should be avoided, whenever pos- 
sible, if Ketalar is used alone. Muscle relaxants, with 
proper attention to respiration, may be required in both 
of these instances. Resuscitative equipment should be 
ready for use. The incidence of emergence reactions 
may be reduced if verbal and tactile stimulation of the 
patient is minimized during the recovery period. This 
does not preclude the monitoring of vital signs (see 
Special Note). The intravenous dose should be admin- 
istered over a period of 60 seconds. More rapid admin- 
istration may result in respiratory depression or apnea 
and enhancec pressor response. In surgical procedures 
involving visceral pain pathways, Ketalar should be sup- 
plemented with an agent which obtunds visceral pain. 
Use with caution in the chronic alcoholic and the 
acutely alcohol-intoxicated patient. An increase in cere- 
brospinal fluid pressure has been reported following 
administration of ketamine hydrochloride. Use with ex- 
treme caution in patients with preanesthetic elevated 
cerebrospinal fluid pressure. 


ADVERSE REACTIONS: Cardiovascular: Blood pressure 
and pulse rate are frequently elevated following admin- 
istration of Ketalar. However, hypotension and brady- 
cardia have been observed. Arrhythmia has also 
occurred. 


Respiration: Although respiration is frequently stimu- 
lated, severe depression of respiration or apnea may 
occur following rapid intravenous administration of 
high doses of Ketalar. Laryngospasms and other forms 
of airway obstruction have occurred during Ketalar an- 
esthesia. 


Eye: Diplopia and nystagmus have been noted follow- 
ing Ketalar administration. It also may cause a slight 
elevation in intraocular pressure measurement. 
Psychological: (See Special Note). 


Neurological: In some patients, enhanced skeletal mus- 
cle tone may be manifested by tonic and clonic move- 
ments sometimes resembling seizures. 


Gastrointestinal: Anorexia, nausea or vomiting have 
been observed; however this is not usually severe and 
allows the great majority of patients to take liquids by 
mouth shortly efter regaining consciousness. 


General: Local pain and exanthema at the injection site 
have infrequently been reported. Transient erythema 
and/or morbilliform rash have also been reported. 


HOW SUPPLIED: Ketalar solutions containing the hy- 
drochloride in concentrations equivalent to ketamine 
base are available in 5, 10, 20, and 50 ml. vials. These 
vials contain 100, 50, 10, and 10 mg./ml., respectively. 
Each vial is supplied individually and in cartons of 10. 
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Skeletal muscle spasm 


frequently 
starts here. 
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1. Local 
pathology stimulates 
free nerve endings, 
sending impulses to 
the spinal cord. 


— — —— — 





2. Interneurons 
in the spinal cord 
transmit the impulse 
tothe main motor 
neurons, which 
contract the muscle 
fibers via the motcr 








3. Other 
impulses from the 
free nerve endings 
ascend the cord to 
thalamic and cortical 
levels where they are 
registered as pain. 


endplates. (This is the 
withdrawal reflex.) 


Valium (diazepam) can be a valuable adjunct in 
your efforts to relieve incapacitating skeletal muscle 
spasm due to local pathology. In strains, fibrositis — any 
form of inflammation or trauma that results in skeletal 
muscle spasm — Valium can help you speed recovery by 
relaxing hypertonic muscles. 

Adjunctive Valium can also help you treat certain 
spastic disorders due to upper motor neuron lesions. 
Patients you can benefit range from athetoid children 
with cerebral palsy to elderly stroke victims. And in its 
injectable form, you can use Valium to help relieve the 
overwhelming spasms of tetanus. 

You should always set Valium dosage at the lowest 
effective level when treating elderly or debilitated 
patients. For example, by starting out with the 2-mg 
tablet once or twice daily, you may often preclude the 


And 
frequently 
stops here. 
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in impulses which of the muscle spindle the potent skeletal muscle 
descend through the stimulates its relaxant that can be administered 
reticular spinal annulospiral parenterally or orally. 

system and activate receptors to send 

the gamma-efferent impulses via a single 


neurons that contract synapse to the main 

the ends of the muscle motor neurons, 

spindle. augmenting the state 
of contraction. 


development of ataxia or oversedation in geriatric 
outpatients. Lower doses of the injectable (usually 2 mg 
to 5 mg) should be used. 

Injectable Valium (diazepam) seldom signifi- 
cantly depresses respiration. Nevertheless, you should 
have resuscitative facilities available when injecting 
Valium I.V. Rare reports of apnea or cardiac arrest have 
been noted, especially in elderly or very ill patients and 
those with limited pulmonary reserve. 

Before prescribing, please consult summary of product 


information on following page. 2 
Valium 


(diazepam) 


adjunct in skeletal muscle spasm 
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2-mg, 5-mg, 10-mg tablets 


Before prescribing, please consult 
complete product information, a 
summary of which follows: 


Indications: Tension and anxiety 
states, somatic complaints which 
are concomitants of emotional 
factors; psychoneurotic states man- 
ifested by tension, anxiety, appre- 
hension, fatigue, depressive . 
symptoms or agitation; symptomatic 
relief of acute agitation, tremor, 
delirium tremens and hallucinosis 
due to acute alcohol withdrawal; 
adjunctively in: skeletal muscle 
spasm due to reflex spasm to local 
pathology; spasticity caused by 
upper motor neuron disorders; 
athetosis; stiff-man syndrome. 
Injectable form may also be used 
adjunctively in status epilepticus 
and severe recurrent seizures; 
anxiety prior to gastroscopy, 
esophagoscopy, and surgical pro- 
cedures; cardioversion (1.V.); 
tetanus. : 
Contraindications: Use of Injectable 
in infants and tablets in children 
under 6 months of age; known 
hypersensitivity to drug; acute 
narrow angle glaucoma; may be 
used in patients with open angle 
glaucoma who are receiving appro- 
priate therapy. 
Warnings: Tablets: Not of value in 
treatment of psychotic patients, and 
should not be employed in lieu of 
appropriate treatment. As with most 
CNS-acting drugs, caution patients 
against hazardous occupations re- 
quiring complete mental alertness 
(e.g., operating machinery, driving). 
When using oral form adjunctively 
in convulsive disorders, possibility 
of increase in frequency and / or 
severity of grand mal seizures may 
require increase in dosage of stand- 
ard anticonvulsant medication; 
abrupt withdrawal in such cases 
may also be associated with tem- 
porary increase in frequency and/ 
or severity of seizures. Advise 
atients against simultaneous 
ingestion of alcohol and other CNS 
depressants. Withdrawal symptoms 
(similar to those with barbiturates 
and alcohol) have occurred follow- 
ing abrupt discontinuance (convul- 
sions, tremor, abdominal and 
muscle cramps, vomiting and 
sweating). Keep addiction-prone 
individuals (such as drug addicts 
or alcoholics) under careful sur- 
veillance because of their predis- 
position to habituation and 
dependence. Use of any drug in 
pregnancy, lactation or in women 
of childbearing age requires that 
potential benefit be weighed against 
possible hazard. Injectable: |.V. 
should be injected slowly, directly 
into vein, taking at least one minute 
for each 5 mg (1 ml) given; do not 
mix or dilute with other solutions 


Valium 


(diazepam) 


2-ml Tel-E-Ject'” (disposable syringes) 
10-ml multidose vials ? 5 mg/ml 


or drugs; do not add to I.V. fluids. 
Rare reports of apnea or cardiac 
arrest noted, usually following I.V. 
administration, especially in elderly 
or very ill and those with limited 
purmonary reserve; duration is 

rief; resuscitative facilities should 
be available. Not recommended as 
the sole treatment for psychotic or 
severely depressed patients; should 
not be administered to patients in 
shock, coma, or in acute alcoholic 
intoxication with depression of vital 
signs. 
Precautions: If combined with other 
psychotropics or anticonvulsants, 
carefully consider individual phar 
macologic effects—particularly 
with known compounds which may 
potentiate action of Valium (diaz- 
epam), such as phenothiazines, 
narcotics, barbiturates, MAO 
inhibitors and other antidepres- 
sants. Employ usual precautions in 
the severely depressed or in those 
with latent depression; suicidal tend- 
encies may be present and protec- 
tive measures necessary. Observe 
usual precautions in impaired 
renal or hepatic function. Limit 
oral dosage to smallest effective 
amount in elderly and debilitated 
to preclude ataxia or overseda- 
tion (initially 2 to 272 mg once or 
twice daily, increasing gradually 
as needed or tolerated). /njectable: 
Not recommended for bronchos- 
copy, laryngoscopy, obstetrical 
use, or in diagnostic procedures 
other than gastroscopy and esopha- 
goscopy; laryngospasm is a possible 
reaction during gastroscopy and 
necessary countermeasures should 
be available; drug has produced 
hypotension or muscular weakness 
particularly when used with nar- 
cotics, barbiturates or alcohol; since 
effect with narcotics may be addi- 
tive, appropriate reduction in nar- 
cotic dosage is possible; use lower 
doses (2 to 5 mg) for elderly and 
debilitated; safety and efficacy in 
children under 12 not established. 
Adverse Reactions: Side effects most 
commonly reported: drowsiness, 
fatigue and ataxia. Infrequently 
encountered: confusion, constipa- 
tion, depression, diplopia, dys- 
arthria, headache, hypotension, 
incontinence, jaundice, changes in 
libido, nausea, changes in saliva- 
tion, skin rash, slurred speech, 
tremor, urinary retention, vertigo 
and blurred vision; with Injectable, 
hiccups, hypoactivity, phlebitis at 
injection site, syncope and urticaria. 
Paradoxical reactions such as acute 
hyperexcited states, anxiety, hallu- 
cinations, increased muscle spastic- 
ity, insomnia, rage, sleep disturb- 
ances and stimulation have been 
reported; should these occur, use 
of the drug should be discontinued. 
Because of isolated reports of neu- 


2-ml ampuls 


tropenia and jaundice, periodic 
blood counts and liver function tests 
are advisable during long-term 
therapy. Minor changes in EEG 
patterns (low-voltage fast activity) 
observed during and after therapy 
and are of no known significance. 
Dosage: Individualized for maxi- 
mum beneficial effect. ORAL—Adults: 
Tension, anxiety and psychoneu- 
rotic states, 2 to 10 mg b.i.d. to 
q.i.d.; alcoholism, 10 mg t.i.d. or 
q.i.d. in first 24 hours, then 5 mg 
t.i.d. or q.i.d. as needed; adjunc- 
tively in skeletal muscle spasm, 2 
to 10 mg t.i.d. or q.i.d.; adjunctively 
in convulsive disorders, 2 to 10 mg 
b.i.d. to q.i.d. Geriatric or debilitated 
patients: 2 to 2⁄2 mg 1 or 2 times 
daily initially, increasing as needed 
and tolerated. (See Precautions.) 
Children: 1 to 24% mg t.i.d. or q.i.d. 
initially, increasing as needed and 
tolerated (not for use under 6 
months). INJECTABLE—Usual initial 
adult dose is 2 to 10 mg I.M. or L.V., 
depending on indication for use. 
Lower doses (usually 2 to 5 mg) 
with slow dosage increase for 
elderly or debilitated patients and 
when sedative drugs are added. (See 
Precautions and Adverse Reac- 
tions.) In gastroscopy and esopha- 
goscopy, 5 to 10 mg I.M. or I.V., 30 
min. prior to procedure. As pre- 
operative medication, 10 mg I.M., 

1 to 2 hours before surgery. In 
cardioversion, 5 to 15 mg, L.V., 
within 5 to 10 min. prior to proce- 
dure. Give I.V. injections slowly; 
take at least 1 minute for each 5 mg 
(1 ml). 

In acute conditions injection may 
be repeated within 1 hour, although 
interval of 3 to 4 hours is usually 
satisfactory; not more than 30 mg 
should be given within 8-hour 
period. Once acute symptomatology 
has been properly controlled with 
injectable form, patient may be 
placed on oral form if further treat- 
ment is required. 

Supplied: Valium® (diazepam) 
Tablets, 2 mg, 5 mg and 10 mg; 
bottles of 100 and 500. AII strengths 
also available in Tel-E-Dose& 
packages of 1000. Valium® (diaz- 
epam) Ampuls, 2 ml, boxes of 10; 
Vials, 10 ml, boxes of 1; Tel-E- 
Ject'™™: (disposable syringes), 2 ml, 
boxes of 10. Each ml contains 5 mg 
diazepam, compounded with 4096 
propylene glycol, 10% ethyl alcohol, 
5% sodium benzoate and benzoic 
acid as buffers, and 1.5% benzyl 
alcohol as preservative. 


Roche Laboratories 
Division of Hoffmann-La Roche Inc. 
Nutley, N.J. 07110 


Urinary Excretion and Metabolism of Trypsin and Trypsinogen: 


Experimental Study 


FRANCISCO ROMERO, M.D., FREDERICK W. PAIRENT, Ph.D., 


RYPSIN is a proteolytic enzyme secreted by the pan- 
Vee in a nonactive zymogen form, trypsinogen. 
Trypsinogen is activated by a duodenal enzyme, en- 
terokinase. Trypsin also acts autocatalytically to activate 
trypsinogen. Both forms circulate in the blood stream 
and small amounts may be excreted in the urine.!? Tryp- 
sin metabolism has not been well documented, in part 
because trypsin determinations are difficult due to the 
presence of several serum proteolytic enzymes, such as 
thrombin and plasmin which have an enzymatic spe- 
cificity similar to trypsin.? Trypsin inhibitors in the 
serum also interfere with trypsin determination. 

Although there have been numerous investigations on 
the in vitro activity of trypsin and trypsin inhibitors, 
there is relatively little information about the extent of 
trypsin inhibition after its administration to intact 
animals. A previous investigation by Rinderknecht, 
et al? suggested that N-Benzoyl-L-arginyl p-nitroanilide 
(BAPA) might be of value in determining trypsin in 
the presence of trypsin inhibitors. 

A trypsin inhibitor has also been measured in urine 
and preliminary experiments indicate it is a mucoprotein 
or glycoprotein with a molecular weight of 10,000- 
30,000.*5 It appears to be excreted by the kidneys into 
the urine from the serum. In the same range, canine 
trypsin has been estimated to have a molecular weight 
of 18,000! Venconi et al., and Nardi? have indicated 
the usefulness of serum trypsin determinations in the 


47 functional description of the exocrine pancreas; conclu- 


sions which have not been entirely confirmed in this 
laboratory.!? 
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HUBERT E. APPERT, Ph.D., JOHN M. HOWARD, M.D, 


From the Departments of Surgery, 
Biological Chemistry and Physiology, 
Hahnemann Medical College, 
Philadelphia, Pennsylvania 


The purpose of the present investigation was to follow 
the appearance of trypsinogen and trypsin activity in 
the serum after the intravenous injection of pancreatic 
juice in dogs, and to determine whether or not the ap- 
pearance of trypsin and trypsinogen in the urine might 
be a better indicator of the quantity of tryptic enzyme 
entering the circulation than are the serum levels. 


Materials and Methods 


The experiments consisted of the collection of pan- 
creatic juice via a Thomas cannula from long-term donor. 
dogs undergoing constant secretin and pancreozymin 
stimulation? The juice was collected in a chilled con- 
tainer, and stored frozen in 55 ml. aliquots in plastic 
containers. : 

Thirty-three infusions of homologous pancreatic juice 
were performed. Each was infused through the saphe- 
nous vein via a polyetheylene catheter. Local anesthesia 
was used in 22 experiments and intravenous sodium 
thiopental was used in 11 experiments. 

Non-activated pancreatic juice was injected in 20 ex- 
periments and in 13, activation of the trypsinogen to 
trypsin was achieved by addition of 1 mg. of purified 
enterokinase (Calbiochem) to each 10 ml. of pancreatic 
juice and incubation at 37C for 30 minutes prior to in- 
jection. The volume of juice injected ranged from 45 tc 
54 ml. and the period of injection was of 1-minute dura 
tion. Intravenous infusions of normal saline ranging fror 
900 ml. to 1,000 ml. were given during the subsequer 
period of observation to insure urine output. 
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Enzyme determinations (trypsin, trypsinogen, and 
amylase) were performed on the juice before injection. 
Blood samples were collected before injection and at 20- 
minute intervals after injection for 3 hours. Urinary 
samples were collected at 20-minute intervals via an 
indwelling catheter for the same period of time. After 
each collection of urine the bladder was rinsed with 35 
ml, of water which was pooled with the urine sample 
for analysis. All blood and urine samples were analyzed 
in duplicate for trypsin, trypsinogen and amylase. Tryp- 
sin and trypsinogen were determined using benzoyl 
arginyl p-nitroanilide (BAPA) as the substrate? and 
amylase was determined by the Somogyi saccharogenic 
method. 

Recovery of the enzymes in the urine was calculated 
by totaling the output recovered during the 160 minutes 
period and expressing this as a percentage of the total 
units of enzymes injected. Similar calculations were made 
for total plasma enzymes at 20 and again at 160 minutes 
post infusion, utilizing the respective serum concentra- 
tion and assuming a plasma volume equivalent to 5% of 
body weight. 


A series of control experiments were performed in the 


TABLE 1. 
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same manner as the above experiments, but instead of 
injection of pancreatic juice, 10 mg. of enterokinase in 
50 ml. of saline was injected in three experiments, and 
50 ml. of saline only in two experiments. 


Results 


The control values in urine and serum before injec- 
tion are shown in Table 2. Each dog had trypsin-like and 
trypsinogen-like activities detectable in the serum al- 
though most had very little in the urine. The infusion 
of enterokinase or saline resulted in no change in the 
serum and urinary enzyme levels. 

. Non-activated pancreatic juice was injected in 20 ex- 
periments, the results of which are shown in Tables 1 
and summarized in Table 2. Table 1 shows the total 
units of trypsinogen and amylase infused into each dog 
as well as the total amount of enzymes excreted in the 
urine during the 160-minute period and the maximum 
serum enzyme levels observed during the experiment. 
The trypsin concentration of all pancreatic juice used in 
these experiments was zero. The serum trypsinogen and 
amylase levels increased after injection, the highest value 
usually being observed in the first sample (20 minutes) 


Non-activated Pancreatic Juice Injections 





Total Enzymes Units 


Urinary Recovery Units/160 Minutes and % of 





Maximum Serum Concentration 














Injected Injected Total after Injection Units/ml. 
Exp Trypsinogen Amylase Trypsinogen Trypsin Amylase Trypsinogen Trypsin Amylase 
Local Anesthesia 
1A 215,500 273,000 4,440 ( 2.1%) 3.5 3,720 ( 1.4%) 18.0 6.2 535 
2A 125,000 17,850 1,140 ( 0.9%) 0 94 ( 9.5%) 2.7 2.7 113 
4A 141,000 245,000 8,150 ( 5.8%) 670 2,440 ( 1.0%) 29.0 21.0 230 
6A 92,500 30,000 12,670 (13.792) 85 TIS ( 2.8%) 16.3 8.1 100 
8A 170,000 150,000 22,650 (13.3%) 430 150 ( 6.190) 15.4 6.2 140 
9A 225,000 150,000 2,830 ( 1.3%) 110 790 ( 0.5%) 23.8 12.6 400 
11A 218,400 248,000 54,560 (25.095) 330 2,480 ( 1.0%} 31.7 12.4 1,320 
13A 42,250 315,000 34,620 (81.9%) 460 50,770 (16.1%) 20.5 17.5 1,620 
33A 245,000 700,000 95,940 (39.2%) 0 2,180 (0.3%) = Ex — 
34A 195,000 540,000 37,620 (19.3%) 4,710 2,570 ( 0.5%) 23.0 10.5 112 
36A 220,000 620,000 3,165 ( 1.4%) 0 46,120 ( 7.4%) 7.1 6.5 226 
19A 60,000 96,500 11,400 (19.0%) 0 770 ( 0.8%) — — — 
40A 252,000 863,100 118,700 (47.1%) 140 — 29.1 6.9 331 
Mean 176,600 323,000 31,380 (20.8%) — 9,400 ( 2.7%) 19.7 10.1 466 
S.E. 19,784 80,000 10,030 5,440 2.6 1.6 149 
Sodium Thiopental Anesthesia 
12A 140,000 360,000 12,240 ( 8.7%) 0 13,860 ( 3.9%) 27.0 7.80 1,210 
14A 256,050 420,000 23,700 ( 9.3%) 792 35,630 ( 8.5%) 18.6 10.2 732 
35A 195,500 540,000 52,400 (26.8%) 0 3,105 ( 0.6%) 25.5 5.0 188 
18A 256,050 420,000 23,500 ( 9.2%) 0 39,250 ( 9.3%) 23.2 24.5 990 
16A 492,500 380,000 3,790 ( 0.8%) 0 380 ( 0.1%) 15.0 14.5 1,190 
15A 256,050 420,000 7,800 ( 3.0%) 0 31,000 ( 7.4%) 16.9 6.8 347 
38A 375,000 — *547,700 ( 146%) 0 — 65.6 12.5 — 
'ean 276,000 423,300 20,570 ( 9.6%) 0 20,540 ( 5.0%) 27.4 11.6 776 
E. 40,290 23,290 6,550 — 6,330 6.1 2.3 161 








* Net counted in mean 
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Non-activaled Pancreatic Juice Injections—AU Experiments (Mean + 
Standard Error) 


TABLE 2, 





Amylase 
354,700 Æ: 51,600 


Trypsinogen 
209,300 - 21,000 


Trypsin 
0 


Total Enzyme Units 
Injected 





= 
Serum (units/ml) 


Pre-injection 3.1 & 0.5 5.5 + 0.6 46.8 4: 2.8 
Post-injection 
(maximum) 22.7 3: 3.0 10.7 21.3 576 + 118 
Urine 
Pre-injection (units/ml) 1.8 3: 0.3 0.5 x0.1 1.6 * 0.2 
Post-injection* 
units/160 minutes 27,960 xk 7,260 367 + 218 13,120 :: 4,170 
9o Recovery/160 
minutes 17.3 t: 4.6 — 3.5 1.0 








* Not corrected for endogenous enzyme activity 


after injection. Approximately 862 of the trypsinogen 
activity was lost from the circulation during the first 20 

"v^ minutes and 99% was lost within 3 hours, but only 17.3% 
(mean) of the injected trypsinogen was detected in the 
urine. The urinary recovery of trypsinogen (17.3%) was 
higher than that of amylase (3.5%) in this group of 
experiments. Although trypsin was not injected in this 
group, very small amounts of tryptic-like activity were 
occasionally detected in the serum and the urine. No 
significant difference was detected when local versus 
general anesthesia was utilized. 

Activated pancreatic juice was injected in 13 experi- 
ments. The results are shown in Table 3 and sum- 
marized in Table 4. Complete activation of the trypsino- 
gen to trypsin in the pancreatic juice was usually not 
achieved under the conditions used. 
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TABLE 4. Activated Pancreatic Juice Isjecions—All Experiments (Mean +: 
Standard Error) 





Trypsinogen Trypsin Amylase 
101,400 + 21,800 92,700 =: 17,000 436,200 + 84,400 ` 


Total Enzyme Units 
Injected 


Serum (units/ml.) 





Pre-injection 3.140.5 5.5 +0.6 46.8 + 2.8 
Post-injection 11.3 42.4 26.8 * 5.6 917 + 220 
(maximum) 

Urine 
Pre-injection 
(units/ml.) 1.8 20.3 0.5 &: 0.6 1.6 +0.2 
Post-injection* 
units/160 minutes 25,800 +13,900 48.2 + 23.8 2,330 + 294 
% Recovery/160 . 
minutes 46.6% 23: 21.3 0.195 0.9% 3: 0.2 





* Not corrected for endogenous enzyme activity 


The serum enzyme levels increased after injection 
with the highest values being observed in the first sam- 
ple. No significant difference was observed between the 
anesthesia groups. 

The urinary recovery of trypsin was very low (0.1%). 
The urinary recovery of trypsinogen varied tremendously 
from animal to animal but usually was higher than the 
urinary amylase recovery (0.9%). Because of the abnor- 
mally high recoveries found in some of the experiments, 
the mean “% recovery/160 minutes" shown in Table 4 for 
trypsinogen (46.6%) deviates greatly from the % recovery 
that might be calculated from the average absolute re- 
covery of trypsinogen (25.4%). 

The trypsinogen activity detectable in the plasma at 
20 and 160 minutes post-infusion amounted to 36% and 
0.06%, respectively of the administered dose. Trypsin 


TABLE 3. Activated Pancreatic Juice Injections 





Urinary Recovery 
Total Enzyme Units Injected 





Total Injected 


(units/160 Minutes & % of Maximum Serum Concentration 


after Injection (units/ml) 


Exp. ‘Trypsinogen Trypsin Amylase Trypsinogen Trypsin Amylase Trypsinogen Trypsin Amylase 
Local Anesthesia 
23A 19,110 — 24,010 534,100 43,520 (228%) 87 (0.4%) — 4,700 (0.9) = — — 
26A 107,500 16,880 96,570  28,000(26. 0%)  0O(090) 670 (0.7%) — — — 
25A 430* 3,750 200,000 0* 0 (0%) 3,910 (2.0%) — — — 
21A 85,750 66,150 188,200 13,370(15.6%) 291 (0.4%) 2,210 (1.2%) ~ — -— 
22A 12,500 25,000 752,000 16,780 (134%) 0 (0%) 1,750 (0.2%) 8,4 34.6 1150 
24A. 125,760 95,040 806,400 23 (0%) ^ | — — 3,520 (0.4%) 23.6 8.7 1400 
28A 212,500 27,500 720,000 760 (0.495) | 58.5 (0.2%) 2,610 (0.4%) — — == 
30A 250,000 81,250 90,000 2,500 (1.0%) 114 (0.1%) 2,510 (2.8%) — — — 
32A 190,000 160,000 450,000 165,400 (87%) 0 (0%) 2,270 (0.5%) — — — 
Mean 125,400 67,580 431,200 33,800 (61.5%) 79 (0.1%) 2,680 (1.0%) — — = 
S.E. +28,840 16,470 157,800 18,270 37 379 — — — 
Sodium Thiopental Anesthesia 
—^ 20A 640* 67,000 153,000 — — 0 (0%) 1,140 (0.7%) 7.5 9.0 1720 
27A 125,000 14,500 150,000 970 (0.8%) 0 (0%) 1,010 (0.7%) 12.3 26.5 579 
29A 55,200 100,800 470,400 9,240 (16.7%) 28 (0.03%) 2,170 (0.4%) 9.5 44.0 400 
31A 128,150 88,000 935,000 3,500 (2.7%) 0 (0%) 1,410 (0.2%) 6.5 38.0 262 
Mean 102,800 67,580 — 427,100 4,570 (6.7%) 7 (0%) 1,430 (0.5%) 9.0 29.4 738 
-SE. 419,440 16,500 160,400 2,000 225 1.1 6.7 289 


* Not counted in mean 
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activity was 13% and 10%, respectively, of the infused 
amounts. 


Discussion 


Because of the large trypsin inhibitory capacity of 
serum,*" it seems probable that the small amount of 
tryptic-like activity exhibited by normal serum towards 
BAPA is due to enzymes other than trypsin. The fibri- 
nolytic enzyme, plasmin, which is normally present in 
serum in small amounts, probably can be implicated. 
However, the presence of "trypsinogen-like" activity, i.e., 
tryptic activity which arises only after the addition of 
enterokinase, can only be interpreted on the basis of 
present knowledge to mean that definite quantities of 
pancreatic trypsinogen are normally present in serum. 
This idea is not unacceptable, since pancreatic amylase 
and lipase are also found in normal serum. 

Following the injection of non-activated pancreatic 
juice, serum trypsinogen levels increased as high as 
twenty-fold. The variability was considerable. Not only 
did it fail to increase in one experiment, but the increases 
that were observed had little relation to the quantity of 
trypsinogen injected. However, similar results were ob- 
. tained with amylase, ie. little correlation existed’ be- 
tween the maximum serum amylase concentration ob- 
served and the total injected. Again, this may be due to 
the presence of enzyme (or proenzyme) binders or in- 
hibitors in serum, which would be variable from dog to 
dog. But it also can be explained on the basis of variable 
rates of removal of the injected protein from the blood. 

Surprisingly, serum levels of "trypsin-like" activity also 
increased in about half the animals after the injection of 
non-activated pancreatic juice, which did not contain 
measurable quantities of active trypsin. Although it may 
be possible that a small amount of the injected tryp- 
sinogen is activated after injection into the animal, this 
increased "trypsin-like" activity of the post-injection se- 
rum can probably best be explained as an increased fibri- 
nolytic (plasmin) activity related to the stress of the 
procedure. 

The serum changes observed after the injection of ac- 
tivated pancreatic juice can best be judged in relation to 
the results found with the non-activated pancreatic juice 
injections. The mean increase of serum trypsinogen after 
the injection of activated juice was only one half of that 
found after injection of non-activated juice. This cor- 
responded to the smaller quantity of total trypsinogen 
activity injected in the activated juice series, which was 
only one half of the amount given in the non-activated 
series. The increase in serum "trypsin-like" activity was 
four times greater, on the average, after activated juice, 
than that found after the injection of non-activated juice. 

Since a unit of trypsin is comparable to a unit of tryp- 
sinogen in the method used, it is interesting to compare 
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the serum increases noted with this enzyme and its pro- 
enzyme after injecting approximately the same total 
quantity of each (100,000 units) (Table 4). The increase 
over normal of "tryptic-like" activity was more than twice 
the increase noted for trypsinogen activity. This may be 
taken as further evidence of the presence of a non-trypsin 
enzyme(s) possessing esterase activity towards BAPA. 
The increase in activity of this non-trypsin enzyme(s) 
however, must be due to the presence of trypsin. Again, 
plasmin is the most probable enzyme causing the in- 
crease, since it is known that plasminogen can be acti- 
vated by trypsin. 

The urinary excretion of trypsinogen under the condi- 
tions of these experiments is highly variable. In five of 
31 experiments, the apparent recovery of trypsinogen in 
the urine over a 160 minutes exceeded about half of the 
total injected dose. Greater than 100% recovery was mea- 
sured in three experiments. Although these experiments 
seem highly suspicious, it may be possible that the in- 
jection of pancreatic juice causes the release and excre- 
tion of another “trypsinogen-like” proenzyme. In the re- 
maining 26 experiments, the urine trypsinogen excretion 
varied from practically zero to 47% recovery, with an 
average of 11.8%. This compares to an average amylase 
excretion of less than 3% of the total injected dose for all 
experiments. 

Unfortunately, there appears to be little correlation 
between the injected dose and the urinary excretion of 
trypsincgen. The same, however, is true for amylase, and 
it would appear that, between the two, urinary trypsino- 
gen analysis would be preferred over urinary amylase 
determinations as a diagnostic tool for pancreatic disease. 

However, the results of Romero et al.,” suggest that ! 
the opposite would be true for humans. They found little, 
if any, excretion of trypsinogen in patients with pancre- 
atic disease. This difference in results might be explained 
on the basis of urinary trypsin inhibitor, which is known 
to be present in man. In addition, the dosage of tryp- 
sinogen injected may not be physiologically comparable 
to that which would be expected to be released system- 
ically from a diseased pancreas. 


Summary 


Pancreatic juice was collected from donor dogs and 
injected intravenously into recipient dogs. The experi- 
ments involved the injection of non-activated pancreatic 
juice in which all tryptic activity was administered in its 
proenzyme form, or activated pancreatic juice in which 
part of the proenzyme was activated to trypsin by the- 
addition of enterokinase. Serum and urinary trypsin, 
trypsinogen and amylase were measured to determine 
the rate at which these enzymes were inactivated and. 
excreted following their entry into the circulation. Amy- 
lase, trypsinogen and tryptic activity in the serum disap- 


Vol. 176 + No. 2 


peared rapidly following the injection of pancreatic juice. 
The urinary recovery of trypsinogen (160 minutes) is at 
least four times greater than that of amylase, implying 

= that urinary trypsinogen determinations might be more 
useful diagnostically in pancreatic disease than urinary 
amylase determinations. 
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The Twenty-Four Hour Excretion of Trypsin and 


Trypsinogen in the Urine 


FRANCISCO ROMERO, M.D., FREDERICK W. PAIRENT, Ph.D., 


ERUM AMYLASE and lipase determinations, although of 
S diagnostic value in acute inflammation of the pan- 
creas, are of less value in chronic disease. Nardi? indi- 
cated that in the presence of pancreatic carcinoma there 
is a significant elevation of serum arginine exopeptidase 
activity believed to reflect serum trypsin concentration. 
In his series, the determination of serum trypsin activity 
proved a more sensitive and reliable index than that of 
either serum amylase or lipase. 

Despite this, determination of trypsin and trypsinogen 
in the serum or urine has never been accepted as a rou- 
tine test in the diagnosis of pancreatic diseases. The dif- 
ficulty in measurement of trypsin activity in serum results 
from the presence of trypsin inhibitors and of several 
other proteolytic enzymes (e.g. thrombin and plasmin) 
which exhibit a substrate specificity similar to trypsin. 
An assay system for the measurement of trypsinogen, 
however, should be considerably more specific with the 
use of enteropeptidase (enterokinase) since this activa- 
tor enzyme is presumed to be specific for trypsinogen. In 
turn, if one of the substances released from the pancreas 
during pancreatic disease is trypsinogen, the presence in 
the serum of arginine esterase, activatable specifically by 
enteropeptidase, might be a sensitive indicator of tryp- 
sinogen levels. Furthermore, since amylase activity, in 
the urine has been found to correlate with pancreatic 
disease,’ the urine trypsinogen levels might be equally 
useful. 

This report is a study of serum levels and urinary ex- 
cretion of trypsin and trypsinogen in a series of normal 
individuals, surgical and non-surgical patients. 
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Material and Method 


The subjects were divided into four groups: normal 
subjects, non-surgically treated patients, patients under- 
going operations, and patients with acute pancreatitis. 

Ten normal volunteers constituted the control group 
from which 24 serum and 25 urinary samples were ob- 
tained. In addition, ten non-operative patients with mis- 
cellaneous disease states were studied daily over a pe- 
riod of 3 days. 

Twenty-one surgically treated patients were studied 
before and after operation. These patients underwent 
seven pancreatic operations, nine biliary tract and gas- 
tric operations, three colorectal operations and two extra- 
abdominal (neck) operations respectively. Two patients 
with acute pancreatitis were studied intensively. 

The general method of study was to analyze 24-hour 
urine trypsin and trypsinogen output daily during the 
period of hospitalization. Urine was kept without pre- 
servative in an ice chest throughout collection. Urine 
values were calculated as units per milliliter and as total 
units excreted daily. Serum values are expressed in con- 
centration. Random urine samples were takén from nor- 
mal subjects to détermine the presence of trypsin and 


trypsinogen. Since neither enzyme was found in the urine __ 


of the normal group, 24-hour urine collections were omit- 
ted. A previous series of controls for 24-hour urinary 
amylase excretion has been reported from this laboratory 
and has been included in the control studies. Blood 
samples were taken from the hospitalized patients at in- 
tervals of 2 to 3 days. 
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All serum and urine samples were analyzed for tryp- 
sin and trypsinogen. Amylase determinations were used 
for comparison. Renal function was assumed to be nor- 
mal in the healthy volunteers and was normal in patients 
to the extent that the blood urea nitrogen level was 
riormal. 

Amylase activity was determined by the Somogyi sac- 
carogenic method.!? Trypsin activity was determined by 
‘a modification of the method of Erlanger et al.,5 using 
benzoylarginyl paranitroanilide (BAPA) at pH 8.0, 
0.05M TRIS buffer. Porcine enterokinase (enteropepti- 
dase) from Calbiochem was incubated with the sample 
to be analyzed (0.5 mg./ml. sample) at 37? for 30 min- 
utes. Arginine esterase activity was then measured and 
corrected for any activity found in the sample before 
addition of enteropeptidase. In this report, "trypsin" is 

- equated with the arginine esterase activity found before 
treatment of the sample with enteropeptidase, and "tryp- 
sinogen" is the increase in arginine esterase activity found 
after incubation with enteropeptidase. 

One unit of trypsin or trypsinogen activity is defined 
as the increase in 410 nm absorption of a solution of 
BAPA after incubation with the sample for 15 minutes 
at 37°, pH 8.1. All results are reported in terms of units 
per ml. of serum or urine. In the actual analyses, only 
0.010 ml. of samples was used. 


Results 


A. Normal Controls: In 24 control serum samples, the 
mean level was 4.4 u/ml. trypsin and 2.7 u/ml. trypsino- 
gen (Table 1). In 24 urine determinations, no trypsin or 
trypsinogen was found. 

Earlier studies in this laboratory found the 24-hour 
amylase excretion by normal subjects to be 6,300 = 1970 
units and the mean serum amylase concentration 147 + 
44 units per cent. 


B. Non-Operative Group (Table 2) 


In this group of patients, the mean serum and urinary 
amylase levels were normal (Table 2). The serum tryp- 








TABLE 1. Normal Controls 
Mean Concentration 
No. of No. of + Standard 
‘ Volunteers Analyses Deviation 
Serum Trypsin 10 25 4.4 + 3.2 u/ml. 
Serum Trypsinogen 10 25 2.7 + 3.1 u/ml. 
Serum Amylase* 32 143 147 + 44 u/100 ml. 
Urine Trypsin Concen- 
tration 8 24 0 
Urine Trypsinogen Con- 
centration 8 24 0 
Total 24 Hour Urinary 
Amylase Excretion* 33 241 6,300 + 1,970 units 





* Previous study from this laboratory. 


24-HOUR URINARY EXCRETION AND THE PANCREAS 


155 


TABLE 2. Non-operative Patienis—Mean Serum Trypsin, Tryp- 
sinogen and Amylase Levels 








No. of Patients 10 
Serum 

Trypsin 

Concentration 9.9 u/ml. 
(Range) (1.5-17.5) 
Serum 

Trypsinogen 

Concentration 4.6 u/ml. 
(Range) (0-9.7) 
Serum 

Amylase 

Concentration 198 u/% 
(Range) (100-400) 
24-Hour Urine 

Amylase 4,124 units 
(Range) (612—29,700) 
24-Hour Urine 

Trypsin 557 units 
(Range) (0—7,800) 
24-Hour Urine 

Trypsinogen 1,224 units 
(Range) (0—19,764) 





sin and trypsinogen levels were slightly higher than in 
the normals. Urinary determinations for trypsin and tryp- 
sinogen respectively were negative in approximately 752 
of daily tests, that is, no such enzyme activity was de- 
tectable. When present, trypsinogen was usually present 
in higher quantities. 


C. Surgical Group 


1. Pancreatic Operations—In seven patients undergo- 
ing lateral pancreaticojejunostomies because of chronic 
pancreatitis, serum trypsin levels were slightly elevated 
before operation and rose slightly after operation ( Table 
3). Serum trypsinogen levels remained essentially normal 
before and after operation. Urinary trypsin and tryp- 
sinogen were not detectable in the urine every day. In 
the preoperative period, 42 urinary determinations were 
performed of which 34 determinations (80%) revealed 
no trypsin and 32 (722) revealed no trypsinogen. In the 
postoperative period, of 65 determinations, 57 were nega- 
tive for trypsin (872) and 50 were negative for 
trypsinogen (762). The mean 24-hour urinary ex- 
cretion of trypsin before operation was 1,666 units, 
falling to 147 units after operation. The same trend was 
noted in trypsinogen excretion. There was no detectable 
relationship to the presence of trypsin or trypsinogen in 
the urine and the lapse of time after operation. Amylase 
levels fell after operations in the same way as had pre- 
viously been shown in this laboratory. The mean serum 
amylase level fell from 294 units to 158 units %; the mean 
24-hour urinary output from 10,965 to 7,635 units. Tryp- 
sin and trypsinogen values did not increase in the serum 
and urine in the 24-hour period immediately after opera- 
tion comparable to the changes in amylase. 


156 


TABLE 3. “Surgical Patients—Serum T rypsin and Trypsinogen Levels— Mean and (Range) 
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Biliary Tract and 


Type of Operation 
No. of Patients 


Pancreatic Operations 


Gastric Operations 


Colon and Rectal 


Operations 
3 


Neck Operations 
2 





Serum Trypsin Pre-Op 7.9 
Concentration (u/ml.) (2.5-13.0) 
. Post-Op 9.3 
(0-27.0) 
Serum Trypsinogen Con- — Pre-Op 1.0 
centration (u/ml.) (0-2.5) 
Post-Op 1.5 
(0-3.4) 
Serum Amylase Con- Pre-Op 109 
centration (units%) (42-240) 
Post-Op 214 
(49-489) 
24-Hour Urine Amylase Pre-Op 10,965- 
(units) (1,150-42,800) 
Post-Op 7,635 
: (1,666—-30,000) 
24-Hour Urine Trypsin Pre-Op 1,666 
(units) (0-22 ,912) 
Post-Op 147 
(0-2, 500) 
24-Hour Urine Trypsinogen Pre-Op 1,686 
(units) (0-13,175) 
Post-Op 541 


(0-5, 250) 


11.7 5.7 12.2 
(6.0-23.5) (5.5-6.0) (6.0~21.0) 
13.3 8.3 9.4 
(2.5-33.5) (5.0-13.3) (7.6-12.1) 
6.7 5.4 11.2 
(0-24.0) (4.4-6.5) (0.5-34.7) 
14.4 2.8 2.6 
(041.0) (0-13.1) (1.5-2.9) 
116 132 189 
(54-320) (72-175) (166-240) 
155 163 114 
(60-265) (85-365) (88-138) 
4,707 3,476 1,563 
(750-15 409) (2,268-6,804) (1,140-2,096) 
97 


6,280 
(596-24,480) 
488 


13,489 
(1,909—61,000) 
0 


(0-3,760) (0-1, 312) 
570 534 203 
(0-5 ,278) (0-5 , 720) (0-1, 620) 
TI 176 1 
(0-1,674) (0-880) (0-1,092) 
2,636 244 308 
(0-40 , 600) (0-4,907) (0-3, 705) 





2. Biliary Tract and Gastric Operation—In this group 
of nine patients with operative manipulation adjacent to 
the normal pancreas, the serum trypsin and trypsinogen 
levels (mean) increased slightly after operation; the 
values, however, were higher preoperatively than in the 
control group. 

The pattern of urinary trypsin and trypsinogen excre- 
tion was similar to that of Group I in that approximately 
75% were negative for both enzymes before and after 
operation. 

3. Colorectal Operation—The results of the serum en- 
zyme changes are shown in Table 3. No urinary trypsin 
excretion was found before operation and only one posi- 
tive trypsinogen value was found in the same period. Of 
22 determinations, after operation, 18 (80%) were nega- 
tive for trypsin and trypsinogen. 

4, Neck Operations—Of these two patients one patient 
had a functioning parathyroid adenoma resected and the 
second had a near total thyroidectomy for thyrotoxicosis. 
The parathyroid patient had preoperative serum levels 
(mean of 3 determinations) of 3.4 u/ml. of trypsinogen 
and 11.8 u/ml. of trypsin. Postoperatively these fell to 
2.2 and 10.3 u/ml. respectively. Most of the postopera- 
tive urinary determinations were negative for both en- 
zymes. No abnormal values were observed in serum or 
urine amylase in either patient. The thyroidectomy pa- 
tient had serum trypsinogen and trypsin levels preopera- 
tively of 34.7 and 13.5 u/ml. and postoperatively of 2.7 
and 7.7 u/ml. respectively (each a. mean of two anal- 
yses). The urinary excretion of trypsin and trypsinogen 


was barely detectable at the time that the serum tryp- 
sinogen level was very high. 

D. Acute Pancreatitis Patients—In these two patients, 
trypsin and trypsinogen serum levels were essentially 
normal at a time when the serum amylase levels ex- 
ceeded 1,000 Somogyi units % (Table 4). The urinary 
excretion of the proteolytic enzymes, however, was not 
increased. Of 33 daily determinations, 23 were negative 


for trypsinogen (70%) and 26 were negative for trypsin `? 


(80%). Amylase values in the serum and urine were ex- 
tremely high. 

One of the two patients reflects the divergence in pat- 
terns of amylase and trypsin-trypsinogen levels. The pa- 
tient, a 47-year-old male, had severe recurrent acute pan- 
creatitis with necrosis of his pancreas associated with a 
gangrenous gallbladder due to gallstones. Cholecystec- 
tomy on the fifth hospital day confirmed both diagnoses. 
His serum and urinary enzyme levels are shown in Fig- 
ures 1 and 2. His serum amylase level remained between 
900-1,300 Somogyi units per 100 ml. His serum trypsin 
level was slightly elevated; his serum trypsinogen level re- 
maining essentially normal. Similarly, his urinary amylase 
excretion remained extremely high (175,000—1,600,000) 
units/24 hours), whereas his trypsin and trypsinogen ex- 
cretion was usually, but not always, undetectable. 


Discussion 


Szezelklik* observed that most trypsin activity de- 
monstrable in human serum is associated with alpha 2 
macroglobulin, less with beta lipo-proteins. 
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TABLE 4. Acute Pancreatitis—(2 Patients)—Serum Determinations 





Number of Determinations 16 
Serum Trypsin Concentration 


Mean and (Range) 7.3 u/ml. 
(0-12.5) 
Serum Trypsinogen Concentration 
Mean and (Range) 2.2 u/ml. 
(0-10.7) 
Serum Amylase Concentration 
Mean and (Range) 1,193 u/% 
(586—2,075) 
Urine Trypsin 
Number of Determinations 33 
Number of Negative Determinations 23 
Mean and (Range) of 24-Hour Excretion 219 u/24 Hrs. 
(0-3,720) 
Urine Trypsinogen 
Number of Determinations 33 
Number of Negative Determinations 26 
Mean and (Range) of 24 Hour Excretion 644 u/24 Hrs. 
(0—4,290) 
Urine Amylase 
Number of Determinations 33 
Number of Negative Determinations 0 
Mean and (Range) of 24 Hour Urine 
Excretion 420,813 u/24 Hrs. 


(39,900-1,144,000) 





In pancreatic diseases, pleural or peritoneal effusions 
may possess high amylase or lipase activity, but have 
been shown to possess very little or no tryptic activity 
as these fluids also possess a trypsin and chymotrypsin 
inhibitory capacity? In serum, 90% of this inhibitor is in 
the alpha-1 globulin and 10% is in the alpha 2 globulin.* 
The trypsin inhibitor concentration in serum increases 
transiently following acute infections or operation, re- 
turning slowly to normal. It appears that this inhibitor 
is associated, in part, with the destruction and resolution 
of tissue.* In urine, no increase in inhibitor levels was 
observed in patients with carcinoma, viral disease or pul- 
monary tuberculosis. Marked increases were observed in 
pneumococcal and streptococcal infections and with 
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Fic. 1. Serum amylase, ee and trypsinogen levels in a patient 
with fatal pancreatic necrosis. 
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Fic. 2. A, B, C. Twenty-four hour urinary excretion of (a) amy: 
lase, (b) trypsin, and (c) trypsinogen in the same patient de 
picted in Figure 1. Note that the excretion of amylase wa: 
extremely high throughout the 24-day period. The excretion ol 
trypsin and trypsinogen was intermittent and followed no dis- 
cernible pattern. In B and C the absence of a bar graph indicate: 
that the enzyme was not detectable in the urine on the respec- 
tive days. 
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, rheumatic fever. Following major operative procedures, 
the inhibitor excretion in the urine is elevated during 
the first few postoperative days.? Faarvang * has demon- 
strated that the urinary excretion of the inhibitor paral- 
lels the glucocorticoid response of any stress. Faarvang 
estimated the molecular weight of the urinary inhibitor 
to be between 10,000—30,000 as compared to 24,000 for 
trypsin. 

Trypsin and trypsinogen: serum determinations in the 
current study did not show reproducible differences be- 
tween patient values and the control group. This may 
reflect the presence of other proteolytic enzymes as well 
as trypsin inhibitors that may interfere with the assay. 
Positive urinary trypsin and trypsinogen values were not 
obtained in three fourths of the determinations and no 
correlation with amylase excretions nor with clinical find- 
ings could be made. . 

Because of this low incidence of positive urinary tryp- 
sin and trypsinogen values, the total units excreted daily, 
expressed as a mean, are difficult to evaluate and do not 
‘lend themselves to statistical analysis. In patients with 
acute pancreatitis, trypsin and trypsinogen values in se- 
rum and urine were not increased to parallel the amy- 
lase increments. This is in accord with the observations 
of Flock and Groisser " who observed that a group of 12 
patients with acute pancreatitis or pancreatic carcinoma 
did not show an elevation in proteolytic activity above 
normal levels: in fact, the levels were lower than normal. 

The only patient with carcinoma of the pancreas in 
the current series had high serum trypsin values and 
most urinary determinations were positive (65%). 

A better correlation between trypsin-trypsinogen ac- 
tivity and pancreatic function might be made if the in- 
hibitor or inhibitors were also measured at the same 
time. This will still not fully reflect pancreatic "input" 
of these enzymes into the circulation since most of tryp- 
sin and inhibitor have presumably combined and are 
circulating as a complex which cannot be measured by 
technics currently available. 


Summary 


In repetitive studies of 10 normal volunteers, the serum 
trypsin and trypsinogen levels were found to be 4.4 and 
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2.7 units/ml. respectively. The serum levels were slightly 
higher in 10 patients with chronic illnesses. Abdominal 
operations, on or adjacent to the pancreas, or acute pan- 
creatitis did not predictably alter the serum level of 
either enzyme. 

Among the normal volunteers, neither trypsin nor tryp- 
sinogen activity was detected in any urine specimen. 
Throughout the study of patients undergoing various 
forms of pancreatic or non-pancreatic operations, trypsin 
or trypsinogen activity would appear or disappear in the 
urine in an apparently random pattern, unrelated to pan- 
creatic trauma or to serum or urinary amylase levels. 
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a Us de operations for symptomatic annular pan- 


creas must include the relief of the duodenal ob- 
struction and correction of associated disease, while 
avoiding established pitfalls introduced by the anatomy 
of this anomaly. Ill-designed operations may be followed 
by a pancreatic or duodenal fistula, persistent duodenal 
obstruction, peptic ulcer, or persistent pain. Because 
symptomatic annular pancreas is rare, we have reviewed 
the literature to determine the frequency of associated 
disease and the results of corrective operations. 

Annular pancreas was named by Ecker? in 1862 but 
Tiedemann is properly credited with its description in 
1818. It develops as a result of malrotation or over- 
growth of the ventral anlagen of the embryonic pan- 
creas. The result is a ring of pancreatic tissue encircling 
the duodenum. Ducts within the annulus drain directly 
into the duodenum in most instances but in some cases 
drain into the duct of Santorini or duct of Wirsung. In 
the adult the annulus is consistently located about the 
second portion of the duodenum. Pediatric cases of an- 
nular pancreas should not be grouped with adult cases 
since there are important differences in the anatomical 
and clinical findings. 

Symptomatic annular pancreas in the adult is un- 
common. Drey ? in 1957 was able to collect only 60 cases 
from the medical literature to which he added two of 
his own for a total of 62 cases. MacGregor and col- 
leagues, in 1969 reported a single case of their own 
and collected nine cases published after Drey's review. 
French * reported a single case in 1970, and Alexander ! 
reported four cases in 1970, making a total of 77 pub- 
lished cases. 

One of the unusual features of annular pancreas is 
that it often remains asymptomatic until adulthood or 
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throughout a normal life span. The majority of patient: 
who develop symptoms during adulthood are 20 to 4( 
years of age. The youngest patient in Drey's review 
was 17 and one of the patients described in this repor' 
was ''9. Men are affected twice as frequently as women 

Vomiting and pain are the most common symptoms 
Although both are associated with a variety of gastro 
intestinal diseases, some features of these symptoms ma) 
suggest annular pancreas. The vomitus is often describec 
as containing undigested food and both pain and vomit: 
ing are often most severe at night. The nocturnal aggra 
vation is probably the result of angulation of the dis 
tended proximal duodenum causing an increased degree 
of obstruction at the point where the duodenum is fixec 
in position by the annular pancreas, The duration o: 
symptoms prior to diagnosis is variable, but in the ma: 
jority of cases is less than 5 years. 

The physical examination and routine laboratory 
studies are of little value in the recognition of annula: 
pancreas. The most important examination is roentgeno 
grams after a meal of barium sulfate. It must be em: 
phasized, however, that the “double bubble" sign whict 
is pathognomonic of annular pancreas in infants is of ùc 
value in adult cases. In the adult roentgenograms char. 
acteristically show an indentation of the lateral wall o: 
the duodenum with eccentric narrowing of the duo 
denum, These findings and the absence of mucosal de 
struction distinguish annular pancreas from neoplasm 
but are similar to the findings of postbulbar ulcer. If c 
crater can be identified then the diagnosis is likely post- 
bulbar ulcer. In only one recorded instance has an ulcer 
been identified at the annulus in a case of annular pan- 
creas. However, ulcers in the duodenum proximal to the 
annular pancreas and ulcers of the stomach are rela- 
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‘tively common associated findings. In Drey's review 16 
(26%) of 62 patients had associated peptic ulcers. Pan- 
creatitis was reported in 15 (24%) of the 62 patients? 

Certain anatomical features of annular pancreas are 
especially important when deciding upon the proper 
operation to correct this anomaly. A major duct may be 
present in the ring of pancreatic tissue and division of 
this duct may interfere with drainage of the pancreas. 
In other instances division of the duct may result in 
pancreatic fistula. Abnormalities of the adjacent wall of 
the duodenum also deserve emphasis. Unlike children, 
adults with annular pancreas.do not have congenital 
atresia of the adjacent duodenum. However, in some 
adults with annular pancreas there is an acquired atresia 
of the duodenum. As a result division or removal of the 
annular pancreas may not relieve the duodenal obstruc- 
tion. 

The primary goal of the surgical management of 
annular pancreas is relief of the duodenal obstruction. 
Several procedures have been utilized and each has had 
its advocates. The majority of surgeons have elected to 
bypass the obstruction by establishing a duodenojejunos- 
tomy or gastrojejunostomy. Others have preferred to di- 
rectly attack the obstruction by dividing or removing a 
portion of the annular pancreas despite the associated 
hazards of pancreatic or duodenal fistula. In addition to 
relief of the duodenal obstruction, operation for annular 
pancreas must correct associated abnormalities such as 
peptic ulcer. In an effort to identify the preferred opera- 
tion for symptomatic annular pancreas in the adult we 
have reviewed published reports and reviews as well as 
four cases from our hospital records. 


TABLE 1. 
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Findings 


The results of study of four cases from our hospital 
records are summarized in Table 1. It is noteworthy 
that two (Nos. 3 and 4) of these patients had under- 
gone previous operations in the area of the duodenum 
but the presence of annular pancreas was overlooked. 
Three of the four patients had an associated duodenal 
ulcer. Three patients were relieved of their symptoms by 
operation; but the fourth patient, in whom the surgical 
procedure was limited to division of the annular pan- 
creas, continued to have epigastric pain. 

Of the 77 cases collected from the literature, 68 cases 
were described in sufficient detail to allow an assess- 
ment of the results of operation. These 68 cases together 
with the four cases from our hospital provided a total 


of 72 cases for study (Table 2). The cases were divided ~~ 


into four groups as follows: annular pancreas alone, 
annular pancreas with duodenal ulcer, annular pancreas 
with gastric ulcer and annular pancreas with pancreatitis. 
The results of each of the several corrective operations 
performed for each group of patients were determined. 

There were 40 cases of annular pancreas without as- 
sociated gastrointestinal disease. In nine cases the op- 
eration was vagotomy and gastrojejunostomy or gastric 
resection with or without vagotomy and the results were 
excellent. Operations in the remaining 31 cases were 
division of the annulus, gastrojejunostomy or bypass by 
duodenoduodenostomy or duodenojejunostomy. Each 
type of procedure resulted in persistent symptoms or 
other complication in one or more cases. A fatal duodenal 
fistula occurred in one case. 


Symptomatic Annular Pancreas in the Adult—4 Cases 






































Age & Roentgenograms after Associated Complications 
Case # Sex Medical History Barium Meal Findings Operation & Results 
1 60 Epigastric pain 3 yrs. “Duodenal ulcer Ulcer of duodenum Bilateral vagotomy None 
M Vomiting 2 mos. with obstruction” proximal to annulus Gastrojejunostomy Asymptomatic 
Division of annulus 
2 35 Epigastric pain 3 yrs. — "Duodenal ulcer Ulcer of duodenum Bilateral vagotomy None 
M Vomiting 3 weeks with obstruction" proximal to annulus  Hemigastrectomy Asymptomatic 
Gastroduodenostomy 
Division of annulus 
3 79 Closure perforated "Pyloric obstruction" Ulcer of duodenum Bleeding ulcer sutured None 
.M  duodenal ulcer at age proximal to annulus Gastroenterostomy Asymptomatic 
64. Massive GI hemor- 
rhage ` 
4 - 44 RUQ pain 4 years “Stenosis 2nd por- None Division of annulus Persistent epigastric 
F Vomiting 4 years tion of duodenum” pain 


Cholecystectomy, age 
40, no calculi — 
Choledochotomy, age 
41, no calculi i 
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TABLE 2. Annular Pancreas— Results of Operation in 72 Patients 






































Results 
Findings Operation No Asymptomatic Pain ` Obstruction Other 
Annular Pancreas Division annulus 10 6 2 2 
(40 cases) Gastrojejunostomy 11 9 1 Marginal Ulcer (1) 
Gastrojejunostomy and 
vagotomy 4 4 
Duodenoduodenostomy or 
duodenjejunostomy 10 8 Duodenal Fistula A (1) 
Pseudocyst (1) 
Gastric resection (B II) 
with or without vagotomy 5 5 
40 32 3 2 3 
Annular Pancreas with Division annulus 1 1 
Duodenal Ulcer Gastrojejunostomy 6 5 1 
(16 cases) Duodenoduodenostomy 1 1 
Gastric resection (B IT) 6 6 
Gastric resection (B I) 
Division of annulus 1 
Vagotomy and pyloroplasty 1 1 
16 14 0 2 0 
Annular Pancreas with Ducdenojejunostomy 1 1 
Gastric Ulcer Gastric Resection (B IT) 4 4 
(5 cases) 
§ 5 0 0 0 
Annular Pancreas with Division annulus 4 Persistent pancreatitis 
Pancreatitis (10 Gastroenterostomy 1 1 (1) 
cases) Duodenoduodenostomy or 
ducdenojejunostomy 3 3 
Gastric resection (B I1) 1 1 
10 9 0 0 1 
* Complication was fatal 
In sixteen cases annular pancreas and duodenal ulcer Comment 


“were present. Division of the annulus in a single case 


was followed by persistent duodenal obstruction. Gas- 
trojejunostomy in six cases resulted in gastric outlet ob- 
struction in one case. Gastric resection gave excellent 
results in six cases as did various other procedures in 
the remaining three cases. 

In five cases of annular pancreas and gastric ulcer the 
results were excellent from gastric resection in four cases 


‘and duodenojejunostomy in one case. 


In five of 10 cases of annular pancreas with associated 
pancreatitis the operation was division of the annulus; 
in one case the pancreatitis persisted. Bypass in the re- 
maining five cases, including gastric resection in one 
case, yielded excellent results in all five cases. 

Simple division of the annulus was the operation in 16 


. of the 72 cases. In eight (50%) of the 16 cases operation 


was followed by persistent, symptoms or other compli- 
-cations, 

In 20 cases the operation was gastric resection with or 
without vagotomy or vagotomy and gastrojejunostomy. 
There were no complications in these cases and the 
results of operation were excellent. 


The primary goal of operation for annular pancreas i: 
relief of the duodenal obstruction. Available informatior 
suggests that neither safe nor consistent relief may b 
expected from division or removal of the annular pan 
creas. Indeed, the results of this study suggest divisio 
of the annular pancreas is often inadequate and may be 
hazardous. 

Logic favors duodenoduodenostomy or duodenojeju 
nostomy as the most simple and physiological operatior 
for bypass of the obstructed segment of duodenum 
However, published experience suggests that bypass o: 
annular pancreas utilizing a duodenal anastomosis i: 
hazardous. If this impression is correct, the problem: 
associated with a duodenal anastomosis may be relatec 
to inflammation or other abnormalities of the wall of the 
duodenum. Since duodenoduodenostomy and duodeno. 
jejunostomy do not reduce gastric acid secretion, failure 
of these operations may also occur if associated peptic 
ulcer or pancreatitis is overlooked. 

The frequent association of peptic ulcer or pancreatitis 
with annular pancreas suggests the need for a procedure 
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' which reduces acid secretion by the stomach in addition 
to bypassing the obstructed duodenum. Vagotomy and 
gastrojejunostomy as well as gastric resection, with or 
without vagotomy, have yielded uniformly good results. 
Thus from available evidence it appears corrective op- 
erations for annular pancreas should include vagotomy 
and gastrojejunostomy and avoid the duodenum and the 
annular pancreas. 


Summary 


Seventy-two cases of annular pancreas; including four 
of the author's cases, were studied. In 31 (43%) of the 
72 cases pancreatitis (10 cases) or peptic ulcer (21 
cases) were associated with annular pancreas. Division 
of the annulus and bypass operations utilizing a duodenal 
anastomosis proved hazardous. Operation which com- 
bined bypass of the obstruction with reduction in gas- 
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tric acid secretion yielded uniformly good results. Cor- 
rective operations for annular pancreas should include 
vagotomy and gastrojejunostomy and avoid the duo- 
denum and annular pancreas. 
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The secret 
is in the handpiece! 


. New From RELIANCE—A Major-Universal Electrosurgery Unit 

i Now, with but one lead wire and a dual foot switch, the surgeon has 

control over current for pure cutting, blending, coagulation, 

- desiccation and fulguration . . . all within the sterile field. 

The secret is in the handpiece. : 

i. The RELIANCE handpieces contain a device which provides the 
desired current. They also serve as the primary return path for unused 

R.F. energy, back through the lead wire and unit to ground. An ancillary 

_ electrode is a secondary return path, only, thus virtually 
+ eliminating the possibility of patient burns. 


\ The New Reliance Electrosurgery Unit provides safety, 


versatility and rugged construction. 
e Four currents. x 
€ Power to spare for the most demanding procedures. 
e Fully rectified and filtered current for optimum 
 hemostasis with minimum depth of tissue destruction. 
e Automatic line voltage correction and 
stabilization; overload control. 
Rs | € "Space Age" design with transistorized components 
é | printed circuitry — shielded and filtered. 
p c £e justable g loaded mobile stand. 
? mplete information about the new 
NCE ELECTROSURGERY UNIT. 
: Write: F&F Koenigkramer 
96 Caldwell Drive 
- Cincinnati, Ohio 45216 
Dept. AS-8 
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Hackie 
Hemorrhoids 


Mr. H. C., 40, taxicab driver, 
married with four children. 
Complains of anorectal pain, 
itching and irritation. Works long 
hours often in extreme heat in 
non-air conditioned cab. 
Sweats a great deal. Sudden 


to help 

relieve the pain, 
itching, 

burning associated 
with this and 





perianal swelling two days simi lara norectal 
ago. Similar episode when he conditions 
was 24 years old. Examination 
reveals large prolapsing . 
edematous internal and ex- wen prescri be 
ternal hemorrhoids. a typica | 
proctological 
— nusol- 
® 
hemorrhoidal 
suppositories 


with hydrocortisone 
acetate 


Each suppository contains hydrocortisone 
acetate 10 mg, bismuth subgallate 2.25%, 
bismuth resorcin compound 1.75%, benzyl 
benzoate 1.2%, Peruvian balsam 1.8%, zinc 
oxide 11.0%, and boric acid 5.0%, plus the 
following inactive ingredients: bismuth 
subiodide, calcium phosphate, and color- 
ing in a bland hydrogenated vegetable 
oil base 

Precaution Prolonged or excessive use of 
Anusol-HC might produce systemic cortico- 
steroid effects. Symptomatic relief should 
not delay definitive diagnosis or treatment. 
Dosage and Administration Anusol-HC: 
One suppository in the morning and one at 
bedtime for 3 to 6 days or until the inflam- 
mation subsides. Regular Anusol: One 
suppository in the morning, one at bedtime, 
and one immediately following each 
evacuation 

And for long-term 


patient comfort...recommend 


Anusol' hemorrhoidal 
suppositories. 

Each suppository contains 
the ingredients of 
Anusol-HC without the 
hydrocortisone. 


Warner-Chilcott 
Division, Warner-Lambert Company 
Morris Plains, New Jersey 07950 
ANGP-21 Rev. 
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You are there ... at the 1972 Clinical Congress 
of the American College of Surgeons . . . sitting 
in on key sessions . . . Panels, Symposiums, Post- 
graduate Courses . . . all through the medium of 
ACS/CLINITAPES. 


Now, a new audio-cassette recording service of 
the American College of Surgeons to keep you 
informed and up-to-date . . . in the privacy of amm € mo — — n 


your office . . . car... or home. You'll hear the 
ro: [\CS/Clinitapes 


actual programs from this year's Clinical Congress ] 
55 EAST ERIE STREET * CHICAGO, ILLINOIS 60611 1 





.. . recorded live and reproduced in high quality 
cassettes. You'll discover new dimensions to your 
personal program of continuing education. You'll 
be opening the door to a whole new world of 
vital information. 


| am interested in more details on ACS/Clinitapes. Please 
send me, without obligation, information and current titles i 
as soon as available. AS-9 


Name — — —— 





Find out more about ACS/CLINITAPES . . . the 
only cassette program where you choose the 
titles. Use the convenient coupon. 


Street Address. — - — 
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..and want to do it as seldom 


as possible 


With ARISTOSPAN, you minimize trauma to t 
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he joint because unnecessary 


intra-articular in jections can be avoided. Since ARISTOSPAN is the least 
soluble of all injectable corticosteroids, it can be expected to be absorbed 
slowly from the injection site in intra-articular therapy of rheumatoid arthritis 


and osteoarthritis. 


..and want to do it appropriately 


equipped 


With the new LEDERJECT® syringe, you reduce the risk of contamination 
to a minimum —at a time when strict aseptic technique is essential. 

What's more, the disposable syringe makes intra-articular injection 

more convenient than ever before (supplied without needle so that 

youcan make your own selection—convenient syringe guardis provided 


to facilitate injections). 


ARISTOSPAN 


TRIAMCINOLONE HEXACETONIDE (20mg./cc.) 


The corticosteroid 


specifically designed for 


intra-articular use 


ARISTOSPAN Triamcinolone Hexacetonide 


Contraindications: Do not give intravenously. (Absolute) Active, la- 
tent or questionably healed tuberculosis; ocular herpes simplex; acute 
psychosis. Hypersensitivity to any component. (Relative) Active pep- 
tic uleer; acute glomerulonephritis; myasthenia gravis; osteoporosis; 
fresh intestinal anastomoses; diverticulitis; thrombophlebitis; psychic 
disturbances; diabetes mellitus; hyperthyroidism; acute coronary ar- 
tery disease; hypertension; limited cardiac reserve; local or systemic 
(including fungal and exanthematous) infections; pregnancy, particu- 
larly during the first trimester; when previous injections have pro- 
duced local atrophy; in the presence of infection in or near the der- 
matologic lesions to be injected. In above, consider the risks against 
anticipated gains. 

Warning: Unilateral blindness has been reported following steroid 
injection in the scalp (extremely rare). Weigh possible benefits against 
possible risks when injecting into facial or scalp region. 
Precautions: Upon anaphylactoid or other severe reactions or idiosyn- 
crasy, discontinue therapy; take proper measures, Withdraw gradually 
after prolonged treatment. When patients on ARISTOSPAN or up to 
two years after discontinuance, are subjected to unusual stress 
(trauma, surgery), consider use of a soluble corticosteroid. Cortico- 
Steroid therapy may obscure symptoms of developing infection; if it 
occurs, treat appropriately. Growth suppression of children is possible 
during prolonged use. Corticosteroid therapy provides symptomatic 
treatment and does not obviate the need for conventional measures. 
Intralesional, Sublesional Use: Overdosage (single, or repeated injec- 
tions into the same intralesional site) may produce local subcutaneous 







‘LEDERJECT 
Disposable Syringe 


Triamcinolone Hexacetonid 
1 cc. in 2 cc. syringe to allow 
room for diluents 

(also available 

in 1 and 5 cc. vials) 


atrophy, delaying recovery for several months. Avoid entering a bloc 
vessel. 

Adverse Reactions: Intralesional, Sublesional: (Most troublesome 
Subcutaneous atrophy at injection site (usually due to frequency < 
injection, overdosage, inadequate dilution, too great a volume). Loct 
effects: abscess, erythema, pain, swelling, necrosis, intradermal calcif 
cation at injection site, hypopigmentation, hyperpigmentation. System: 
effects: infrequent, but possible: depression of appetite (in contrast t 
voracious appetite ordinarily encountered with other glucocorticoids 
mood depression (most common corticosteroids may cause euphoria) 
mild early diuresis making edema uncommon (common glucocorticoid 
cause sodium retention and edema); myopathy with muscle weaknes 
involving thighs, pelvis and lower back (may occur more frequent] 
than with other corticosteroids). General glucocorticoid effects: Cusk 
ingoid changes such as: acne, flushing, moon face, hirsutism, etc.; endc 
crinologic effects such as amenorrhea, menstrual irregularity, aggrava 
tion of pre-existing and/or precipitation of latent diabetes mellitus 
skeletal changes such as osteoporosis, spontaneous fractures, asept 
necrosis of hip, humerus, and metacarpals; psychic disturbances, ir 
somnia, headache, increased intracranial pressure with papilledem 
(pseudotumor cerebri), convulsions; exophthalmos, increased intraoct 
lar tension, subcapsular cataracts; peptic ulcer with possible perfora 
tion and hemorrhage; ulcerative esophagitis; thromboembolic diseas 
ecchymoses, purpura, leukopenia; negative nitrogen balance; hype: 
tension; and rarely, necrotizing angiitis and acute pancreatitis. Thes 
systemic effects are unlikely to occur when drug is used as recommendec 


ec LEDERLE LABORATORIES, A Division of American Cyanamid Company, Pearl River, New York 1096 
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now 
new 500-mg. 

Pulvule? and 
new 60-ml.-size 


package 





Keflex” 


cephalexin monohydrate 
Available in 
Pulvules, equivalent 


to 250 mg. or 500 mg. 
cephalexin 





Oral Suspension, 
equivalent to 125 mg. 
cephalexin per 5 ml., 
in 100-ml.-size and new 
60-ml.-size packages 





Pediatric Drops, 
equivalent to 100 mg. 
cephalexin per ml., in 
10-ml.-size packages 





Prescribing Information 





Description: Keflex? (cephalexin 
monohydrate, Lilly) is a semisynthetic 
cephalosporin antibiotic intended for oral 
administration. It is 7-(D-a-amino-a- 
phenylacetamido)-3-methyl-3-cephem-4- 
carboxylic acid, monohydrate. 


Actions: Human Pharmacology—Keflex is 
acid stable and may be given without regard 
to meals. It is rapidly absorbed after oral 
administration. Following doses of 250 and 
500 mg., average peak serum levels of 
approximately 9 and 18 mcg. per ml. 
respectively were obtained at one hour. 
Measurable levels were present six hours 
after administration. Over 90 percent of the 
drug is excreted unchanged in the urine 
within eight hours. Peak urine 
concentrations are approximately 1,000 
mcg. per ml. during this period following a 
250-mg. dose. 

Microbiology—In-vitro tests demonstrate 
that the cephalosporins are bactericidal 
because of their inhibition of cell-wall 
synthesis. Keflex is active against the 
following organisms in vitro: 

Beta-hemolytic streptococci 

Staphylococci, including coagulase- 

positive, coagulase-negative, and 
penicillinase-producing strains 

Diplococcus pneumoniae 

Escherichia coli 

Proteus mirabilis 

Klebsiella sp. 


An important oral antibiotic 
useful in office and hospital practice 


Note—Most strains of enterococci 
(Streptococcus faecalis) and a few strains 
of staphylococci are resistant to Keflex? 
(cephalexin monohydrate, Lilly). It is 

not active against most strains of 
Enterobacter sp., Pr. morganii, and Pr. 
vulgaris. It has no activity against 
Pseudomonas or Herellea species. When 
tested by in-vitro methods, staphylococci 
exhibit cross-resistance between Keflex and 
methicillin-type antibiotics. 


Indications: Keflex is indicated for the 
treatment of the following infections when 
caused by susceptible strains of the 
designated micro-organisms: 

Respiratory tract infections caused by 
D. pneumoniae and group A beta-hemolytic 
streptococci (Penicillin is the usual drug of 
choice in the treatment and prevention of 
streptococcus infections, including the 
prophylaxis of rheumatic fever. Keflex is 
generally effective in the eradication of 
streptococci from the nasopharynx; 
however, substantial data establishing the 
efficacy of Keflex in the subsequent 
prevention of rheumatic fever are not 
available at present.) 

Skin and soft-tissue infections 
caused by staphylococci T 
Urinary tract infections 

caused by Esch. coli, Pr. 
mirabilis, and Klebsiella sp. 

Note—Culture and 
susceptibility 
tests should be 
initiated prior Coll 
to and during 
therapy. Renal 
function studies 
should be performed 
when indicated. 








Contraindica- 
tion: Keflex E. 77 
is contraindicated —W 
in patients with known allergy to the 
cephalosporin group of antibiotics. 


Warnings: IN PENICILLIN-ALLERGIC 
PATIENTS, CEPHALOSPORIN C DERIVATIVES 
SHOULD BE USED WITH CREAT CAUTION. THERE 
IS CLINICAL AND LABORATORY EVIDENCE OF 
PARTIAL CROSS-ALLERGENICITY OF THE 
PENICILLINS AND THE CEPHALOSPORINS, AND 
THERE ARE INSTANCES OF PATIENTS WHO 
HAVE HAD REACTIONS TO BOTH DRUGS 
(INCLUDING FATAL ANAPHYLAXIS AFTER 
PARENTERAL USE). 
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Any patient who has demonstrated some 
form of allergy, particularly to drugs, 
should receive antibiotics cautiously and 
then only when absolutely necessary. No 
exception should be made with regard to 
Keflex? (cephalexin monohydrate, Lilly). 

Usage in Pregnancy—Safety of this 
product for use during pregnancy has not 
been established. 


Precautions: Patients should be followed 
carefully so that any side-effects or a 
unusual manifestations of drug 
idiosyncrasy may be detected. If an £ - 
allergic reaction to Keflex occurs, 
the drug should be discontinued 
and the patient treated with the 
usual agents (e.g., epinephrine, 
antihistamines, pressor amines, or 
corticosteroids). 

Prolonged use of Keflex may result 
in the overgrowth of nonsusceptible 
organisms. Careful observation of the 
patient is essential. If superinfection 
occurs during therapy, appropriate 
measures should be taken. 

Positive direct Coombs tests have been 
reported during treatment with the cephalo- 
sporin antibiotics. In hematologic studies 
or in transfusion cross-matching procedures 
when antiglobulin tests are performed on the 
minor side or in Coombs testing of newborns 
whose mothers have received cephalosporin 
antibiotics before parturition, it should be 
recognized that a positive Coombs test may 
be due to the drug. 

Keflex should be administered with caution 
in the presence of markedly impaired renal 
function. Under such conditions, careful 
clinical observation and laboratory studies 
should be made because safe dosage may be 
lower than that usually recommended. 

Indicated surgical procedures should be 
performed in conjunction with antibiotic 
therapy. 

As a result of administration of Keflex, a 
false-positive reaction for glucose in the 
urine may occur. This has been observed 
with Benedict’s and Fehling’s solutions and 
also with Clinitest® tablets but not with 
Tes-Tape® (urine sugar analysis paper, 


Lilly). 


Adverse Reactions: Gastro-Intestinal— 
The most frequent side-effect has been 
diarrhea. It was very rarely severe enough to 
warrant cessation of therapy. Nausea, 
vomiting, dyspepsia, and abdominal pain 
have also occurred. 











Keflex | 


cephalexin monohydrate 





Hypersensitivity— Allergies (in the form of 
rash, urticaria, and angioedema) have been 
observed. These reactions usually subsided 
upon discontinuation of the drug. 

Other reactions have included genital and 
anal pruritus, genital moniliasis, vaginitis 
and vaginal discharge, dizziness, fatigue, 
and headache. Eosinophilia, neutropenia, 
and slight elevations in SGOT and SGPT 

have been reported. 


Administration and Dosage: 
Keflex is administered orally. 
The adult dosage ranges from 
l to 4 Gm. daily in divided 
= doses. The usual adult dose is 
250 mg. every six hours. For 
more severe infections or those 
caused by less susceptible 
organisms, larger doses may be 
needed. If daily doses of Keflex 
greater than 4 Gm. are required, 
parenteral cephalosporins, in 
appropriate doses, should be 
- considered. 
^ The recommended daily dosage 
4 for children is 25 to 50 mg. per Kg. 
divided into four doses. 








Keflex Suspension 
Child's Weight (125 mg.[5 ml.) 
10 Kg. (22 lb.) 15 to l tsp. q.i.d. 
20 Kg. (44 Ib.) l to 2 tsp. q.i.d. 
40 Kg. (88 lb.) 2 to 4 tsp. q.i.d. 





In severe infections, the dosage may be 
doubled. 

Inthetreatment —— strepto- 
coccus infections, a thera- ONW, NTC 
peutic dosage of Keflex (RUNS 
should be administered Ni E 
for at least ten days. f 
How Supplied: Pulvules? 
Keflex® (cephalexin mono- 
hydrate, Lilly), equivalent : 
to 250 mg. or 500 mg. cephalexin, in 
bottles of 24 and 100 and in Identi-Dose? 
(unit dose medication, Lilly) in boxes of 100. 

Keflex, for Oral Suspension, equivalent to 
125 mg. cephalexin per 5-ml. teaspoonful, in 
60 and 100-ml.-size packages and in Identi- 
Dose in packages of 100. 

Keflex, for Pediatric Drops, equivalent to 
100 mg. cephalexin per ml. (5 mg. per drop), 
in 10-ml.-size packages, with dropper 
calibrated at 25 and 50 mg. — tesi 


Additional information available 
SF to the profession on request. 
Eli Lilly and Company 


Indianapolis, Indiana 46206 





200249 


THIS DRUG SHOULD BE USED ONLY BY 
INDIVIDUALS FAMILIAR WITH ITS 


ACTIONS, CHARACTERISTICS AND 
HAZARDS. 





DESCRIPTION: Anectine brand Succinylcholine 
Chloride is an ultra short-acting depolarizing 
type muscle relaxant. Chemically it is a di- 
quaternary base consisting of the di-chloride 
salt of the di-choline ester of succinic acid. 

It is a white, odorless, slightly bitter powder and 
very soluble in water. The drug is unstable 

with alkaline solutions, but relatively stable in 
acid solutions depending upon the 
concentration of the solution and the storage 
temperature. While solutions of succinylcholine 
chloride are sterilized by autoclaving, they 
should, nevertheless, be stored under 
refrigeration to preserve their potency. 
INDICATIONS: Succinylcholine chloride is 
indicated as an adjunct to anesthesia to 

induce skeletal muscle relaxation. It may be 
employed to reduce the intensity of muscle 
contractions of pharmacologically or 
electrically induced convulsions. 
CONTRAINDICATIONS: Succinylcholine is 
contraindicated for persons with a known 
hypersensitivity to the drug. 


WARNINGS: 


WARNING: SUCCINYLCHOLINE SHOULD 
BE USED ONLY BY THOSE SKILLED IN 
THE MANAGEMENT OF ARTIFICIAL 
RESPIRATION AND ONLY WHEN FACILI- 
TIES ARE INSTANTLY AVAILABLE FOR 
ENDOTRACHEAL INTUBATION AND FOR 
PROVIDING ADEQUATE VENTILATION 


OF THE PATIENT, INCLUDING THE AD- 

MINISTRATION OF OXYGEN UNDER IN J ECTION 
POSITIVE PRESSURE AND THE ELIMI- 

NATION OF CARBON DIOXIDE. THE 


ASSIST OR TO CONTROL RESPIRATION. for short 
Succinylcholine should not be mixed with procedures 


short-acting barbiturates in the same syringe, 
or administered simultaneously during 





os nous same — e ready for immediate use 

olutions of succinylcholine have an acid p : ; 

whereas thosa b parbiturates are alkalina in, * 20 mg. in each cc. in 10 cc. 

reaction. Depending upon the resultant pH o ja j 

a mixture of solutions of these drugs, either multi-dose vials 

free barbituric acid may be precipitated or * square bottle stands out 

succinylcholine hydrolyzed. 

re à Fregnanoy: The safe ze be from others 

succinylcholine has not been established wit : 

respect to the possible adverse effects upon » flip-top cap assures easy 

fetal development. Therefore, it should not be opening 

used in women of childbearing potential and l 

particularly during gary ooo unesen . single or repeated use, 

the judgment of the physician the potentia 

benefits outweigh the unknown hazards. as necessary : 
See opposite page for continuation. i i 


for controlled muscle relaxation 


Anectine 


(succinylcholine 
chloride | 


= 












-e unbreakable sterile 
plastic injection 


syringe necessary 


e for vacuum or 
non-vacuum bottles 


e no refrigeration required 
* powder retains potency 


| indefinitely 


instant-mix sterile powder 
packaged for convenient use 


units of 500 and 1,000 mg. 
* no separate needle or 


Continued from opposite page. 

PRECAUTIONS: Low levels of, or abnormal variants of plasma 
cholinesterase may be associated with prolonged respiratory 
depression or apnea following the use of succinylcholine. Low 
levels of plasma cholinesterase may occur in patients with severe 
liver disease or cirrhosis, severe anemia, malnutrition, severe 
dehydration, changes in body temperature, exposure to neuro- 
toxic insecticides or those receiving antimalarial drugs. Succinyl- 
choline should be administered with extreme care to such 
patients and dosage should be minimal. If low plasma cholines- 
terase activity is suspected, a small test dose of from 5 to 10 
mg. of succinylcholine may be administered, or relaxation may 
be produced by the cautious administration of a 0.1 % solution 
of the drug by intravenous drip. Drugs which either inhibit 
plasma cholinesterase, such as neostigmine, or compete with 
succinylcholine for the enzyme, as does intravenous pro- 
caine, should not be given concurrently with succinylcholine. 
Succinylcholine should be administered with great cau- 
tion to patients with severe burns, those recovering from 
severe trauma, those suffering from electrolyte imbalance, 
those who have been digitalized recently or who may 
have digitalis toxicity as serious cardiac arrhythmias or 
cardiac arrest may result. Great caution should be ob- 
served also in patients with preexisting hyperkalemia or 
who are paraplegic, have suffered spinal neuraxis injury, 
or have degenerative or dystrophic neuromuscular dis- 
ease, as such patients tend to become severely hyper- 
kalemic when succinylcholine is given. 

When succinylcholine is given over a prolonged period 
of time, the characteristic depolarization block of the 
myoneural junction may change to a non-depolarizing 
block which results in prolonged respiratory depression 
or apnea. Under such circumstances, small repeated 
doses of neostigmine or edrophonium may possibly act as 
antagonists. A peripheral nerve stimulator (e.g., the 
Wellcome Peripheral Nerve Stimulator) may be used to 
ascertain the type of neuro-muscular blockade. If a 
depolarization block rs present both fast (tetanic) and slow 
(twitch) rates of nerve stimulation are well sustained, 

and post-tetanic facilitation is absent. If a non-depolariz- 
ing block is present there is post-tetanic facilitation and 
"fade" of successive stimuli on both fast (tetanic) and 
slow (twitch) rates of nerve stimulation. 

Succinylcholine should be used with caution during ocular 
surgery and in patients with glaucoma. The drug should 
be employed with caution in patients with fractures or 
muscle spasm as the muscle fasciculations may cause 
additional trauma. Muscle fasciculations and hyperkalemia 
may be reduced by administering a small dose of a 
non-depolarizing relaxant. If other relaxants are to be 
used during the same procedure, the possibility of a 
synergistic or antagonistic effect should be considered. 
ADVERSE REACTIONS: Adverse reactions consist primar- 
ily of an extension of the drug's pharmacological actions. 
Profound and prolonged muscle relaxation may occur, 
resulting in respiratory depression to the point of apnea. 
Hypersensitivity to the drug may exist in rare instances. 
The following adverse reactions have been reported: 
bradycardia, tachycardia, hypertension, hypotension, 
arrhythmias, cardiac arrest, prolonged respiratory depres- 
sion or apnea, hyperthermia, increased intraocular pres- 
sure, muscle fasciculation, post-operative muscle pain, 
myoglobinemia and excessive salivation. 

MANAGEMENT OF ADVERSE REACTIONS: Apnea or 
prolonged muscle paralysis should be treated with 
controlled respiration. 

The use of neostigmine to reverse a non-depolarization 
block is a medical decision which must be decided upon 
the basis of the individual clinical pharmacology and 

the experience and judgment of the clinician. When 
neostigmine is used atropine should also be administered. 
SUPPLIED: Injection, Multi-dose vials, 20 mg./cc., 10 cc., 
boxes of 12 vials. Sterile Solution, 50 mg./cc., 10 cc. 
amp.; 100 mg./cc., 10 cc. amp., boxes of 12. Flo-Pack®, 
Sterile Powder 500 mg. and 1000 mg., boxes of 12. 


Complete literature available on request from 
Professional Services Dept. PML. 


Burroughs Wellcome Co. 
Research Triangle Park 
Wellcome / North Carolina 27709 











you soon will be receiving this in the mail 
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„but were 
all business 
on the inside 


The new Zimmer Catalog has been edited 
specifically for the general surgeon, 
designed to be always up-to-date and stay 
current for years. 

The catalog will be periodically up-dated. 
New pages will be sent you to replace 

old ones. 

Handsomely printed in keeping with the 
rest of the catalog. 

Which means you don't have to discard 
“old faithful" and learn the workings of a 
new catalog so often. This won't be a catch- 
all notebook with a variety of fliers stuffed 
throughout it. 

Your Zimmer Catalog will always stay new 
and up-to-date. It features two sections: 

one for surgical instruments and equipment, 
another for hospital / clinic equipment and 
supplies. 

Each section is color-coded and has its own 
quick-reference index. 

Your new catalog will be in the mail to you 
shortly. 


riv 


7 ZIMMER-USA  * 


—— /Warsaw, Indiana 46580 


The people who really care 
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Acute pyelonephritis“ 





and the urgency of its treatment 


"due to susceptible organisms 











Before Administration of Loridine 


1. Determine renal status before 
initiating therapy. 

2. In patients with renal impair- 
ment, reduced dosage should be em- 
ployed. Other antibiotic therapy 
should be considered if impairment is 
due to acute tubular necrosis. 


3. As with other antibiotics, appro- 
priate specimens for culture and sus- 
ceptibility testing should be obtained. 


4. Use cautiously with other poten- 
tially nephrotoxic antibiotics (e.g., 
gentamicin, kanamycin, colistin, and 
polymyxin B), in penicillin-allergic pa- 
tients, and in those receiving potent 


e ge 8 h l idi » 
Loridine I.M. $00!ng:ampouic 
therapy worthy of consideration 





For urinary tract infections, an antibiotic that 
provides effective blood and urine levels is often preferred. 
Loridine is active in vitro against susceptible strains of 
Escherichia coli, Klebsiella-Aerobacter, and Proteus mirab- 
ilis—pathogens that may cause urinary tract infections.' 
Antibacterial urinary concentrations occur rapidly and 
persist for eight to twelve hours after a single injection. 
Loridine is excreted unchanged as active antibiotic in the 
urine. 
These are a few of many reasons why Loridine provides 
therapy worthy of consideration. 


tMany strains of enterococci are relatively resistant. Some strains of staphy- 
lococci are resistant. Pseudomonas organisms are resistant, as are most indole- 


producing Proteus species and motile Enterobacter species. 


diuretics, such as furosemide or etha- 
crynic acid. 


During Administration of Loridine 


1. Because of potential nephrotox- 
icity, daily dosages above 4 Gm. are 
not recommended for patients with 
normal renal function. The usual 
range for adults is 1.5 to 3 Gm. daily. 
In patients with renal impairment, 
recommendations in the package lit- 
erature should be followed for main- 
tenance dosage after a loading dose 
of 0.5 to 1 Gm. If an endogenous 
creatinine clearance is considered 
more desirable than available BUN or 
serum creatinine concentrations for 
establishing the maintenance dosage, 


Lilly 


the initial loading dose may be given 
and results of that test obtained dur- 
ing the ensuing six or eight hours. If 
renal function improves during ther- 
apy, readjustment of dosage may be 
desirable. 

2. Maintain proper hydration. 


3. Monitor renal status. Renal im- 
pairment may be indicated by the ap- 
pearance of urinary casts, proteinuria, 
oliguria, a rising BUN or serum creat- 
inine, or a decreasing creatinine 
clearance or urine/plasma creatinine 
ratio. 

4. |f impaired renal function devel- 
ops or worsens during therapy, dis- 
continue use. 


Please turn page for prescribing information. 


424 


Because of nephrotoxicity (e.g., tubular necrosis) of cephaloridine 
in dosages above 4 Gm. daily (see Warnings and Adverse Reactions), 
recommended doses should not be exceeded. Renal status of the pa- 
tient should be determined prior to initiation of therapy. Patients 
with known or suspected impairment of renal function shouid be under 
close clinical observation for changes in renal function or be hospital- 
ized, and reduced dosage should be employed. If impaired renal func- 
tion develops during therapy, cephaloridine should be discontinued. 


Actions: Human Pharmacology—Peak blood levels of 7 and 14 mcg. 
per ml. respectively were obtained in one-half to one hour following 
intramuscular doses of 250 and 500 mg. in humans. Measurable 
levels of cephaloridine persisted for longer than twelve hours. 

Loridine is excreted unchanged largely by glomerular filtration. 
Doses of 250 and 500 mg. produced very high antibacterial con- 
centrations in the urine, in some instances approaching 1,000 
mcg. per ml. 

Its nucleus and degradation products differ from those of peni- 
cillin. However, some patients who are allergic to penicillin or to 
other cephalosporins may also be allergic to Loridine. 

Microbiology—The in-vitro bactericidal action of Loridine results 
from inhibition of cell-wall synthesis. It is not bound significantly 
to plasma protein. 

Loridine is active against the following organisms in vitro: 

Beta-hemolytic and other streptococci (many strains of enter- 
ococci, e.g., Streptococcus faecalis, are relatively resistant) 

Staphylococci, both coagulase-positive and coagulase-negative 
(some strains of staphylococci are resistant to cephalor- 
idine) 

Pneumococci 

Gonococci 

Hemophilus influenzae 

Escherichia coli and other coliform bacteria 

Klebsiella 

Proteus mirabilis 

Loridine is active against Treponema pallidum in animal studies. 

All tested strains of group A streptococci, pneumococci, and 
penicillin-G-susceptible staphylococci are susceptible to Loridine. 
However, some strains of penicillinase-producing staphylococci are 
resistant in vitro to concentrations of Loridine that can be achieved 
in the serum. The majority of strains of H. influenzae, Pr. mirabilis, 
Esch. coli, and Klebsiella are also susceptible in vitro. 

Pseudomonas organisms are resistant to Loridine, as are most 
indole-producing Proteus species and motile Enterobacter species. 


Indications: Loridine is indicated in the treatment of serious infec- 
tions of the respiratory tract, genito-urinary tract, bones and joints, 
bloodstream, soft tissue, and skin due to susceptible strains of the 
organisms listed above. It is also indicated for therapy of early 
syphilis when penicillin may be contraindicated. (See Warnings in 
regard to cross-sensitivity with penicillin.) It is indicated in the 
treatment of gonorrhea when penicillin is not considered the drug 
of choice. 

Appropriate culture and susceptibility studies should be per- 
formed. If the susceptibility tests show that the causative organism 
is resistant to Loridine, other appropriate antibiotic therapy should 
be instituted. 

Contraindications: Loridine is contraindicated in those persons who 
have shown hypersensitivity to it or other cephalosporins. 

Warnings: IN PENICILLIN-SENSITIVE PATIENTS, CEPHALOSPORIN C DERIVATIVES 
SHOULD BE USED WITH GREAT CAUTION. THERE IS CLINICAL AND LABORATORY 
EVIDENCE OF PARTIAL CROSS-ALLERGENICITY OF THE PENICILLINS AND THE 
CEPHALOSPORINS. INSTANCES OF PATIENTS WHO HAVE HAD SEVERE REACTIONS 
TO BOTH DRUGS, INCLUDING DEATH FROM ANAPHYLAXIS, HAVE BEEN REPORTED. 

Impairment of renal function during treatment may be indicated 
by the appearance of casts in the urine, proteinuria, falling urinary 
output, a rising BUN or serum creatinine, or a decreasing creati- 
nine clearance or urine/plasma creatinine ratio. 

Cephaloridine should be given cautiously when used with other 
antibiotics having nephrotoxic potential, e.g., gentamicin, kanamy- 
cin, polymyxin B, and colistin. 

The results of experimental studies in animals suggest that the 
concurrent use of potent diuretics, such as furosemide or etha- 
crynic acid, may increase the risk of renal toxicity. 

Usage in Pregnancy—Safety of this product for use during preg- 
nancy has not been established. 

Precautions: In the case of infections due to beta-hemolytic strep- 
tococci, antibiotic therapy should be continued for at least ten days. 

In the therapy of gonorrhea, patients in whom there is reason to 
suspect concomitant syphilis should have dark-field examinations 
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of all suspect lesions before treatment and monthly serologic tests 
for a minimum of three months. 

Indicated surgical procedures should be performed in conjunc- 
tion with antibiotic therapy. 

Superinfections may develop with organisms not in the spectrum 
of Loridine, particularly Pseudomonas. These can be recognized by 
Clinical observation and by means of appropriate cultures. If they 
occur, proper therapeutic measures should be taken. 

Since safety for use in premature infants and in infants under 
one month of age has not been established, administration of 
cephaloridine to these patients is not recommended. 

A false-positive reaction for glucose in the urine may occur with 
Benedict's or Fehling's solution or with Clinitest? tablets but not 
with Tes-Tape? (urine sugar analysis paper, Lilly). 


Adverse Reactions: Hypersensitivity—Maculopapular and erythem- 
atous rashes, urticaria, and anaphylaxis have been reported. 
Drug fever and eosinophilia also have been noted. Hypersensitivity 
reactions are more likely to occur in patients with a history of 
allergy, particularly to penicillin. 

Blood—Neutropenia and leukopenia have been reported. Some 
individuals have developed positive direct Coombs tests during 
therapy. 

Liver—Transient elevations of transaminase and alkaline phos- 
phatase levels have been noted. The significance of these findings 
is uncertain. 

Renal—Severe, acute renal failure, in some cases terminating 
in death, has occurred in a small number of patients receiving 
Loridine. The possibility of this complication seems to be greater 
in sericusly ill patients given more than recommended doses. 
Acute tubular necrosis has been noted in affected patients coming 
to autopsy. 

Local Reactions—Pain on I.M. injection of Loridine is rare, and 
phlebitis on I.V. injection occurs infrequently. 

Other—Nausea and vomiting have been reported. 


Administration and Dosage: Loridine should be dissolved in either 
Sodium Chloride Injection or Sterile Water for Injection. (See the 
package literature for Dilution Table.) 

Intramuscular Injection—Loridine is usually injected into a large 
muscle mass, for example, the gluteal region or the lateral aspect 
of the thigh. 

The usual adult dosage for many infections of moderate severity 
is 500 mg. to 1 Gm. three times a day at equally spaced intervals. 
Milder and more susceptible infections have been treated with 250 
to 500 mz. given two or three times a day. More severe infections 
may be treated with 500 mg. to 1 Gm. four times a day. 

A single 2-Gm. dose is recommended for the treatment of acute 
gonorrhea. 

Early syphilis may be treated with 500 mg. to 1 Gm. daily for ten 
to fourteen days. 

If more than 2 Gm. of cephaloridine is injected daily, the patient 
should be under close clinical observation for changes in renal 
function or be hospitalized. In addition, reduced dosage should be 
employed in patients with known or suspected renal impairment 
(see package literature). 

In children, a daily total of 30 to 50 mg. per Kg. (15 to 25 mg. 
per pound) of body weight, given in divided doses, has been found 
effective for mild to moderately severe infections. A daily total of 
100 mg. per Kg. (50 mg. per pound) of body weight (not to exceed 
recommended adult doses) may be needed for very severe infec- 
tions. Since safety for use in premature infants and in infants 
under one month of age has not been established, the use of cepha- 
loridine in these patients is not recommended. 

In both adults and children, failures have appeared to be related 
more closely to insusceptibility of the organism or poor general 
condition of the patient than to inadequate dosage. 

Intravenous Injection—In the presence of extremely serious in- 
fections (such as bacteremia) or when any infection seems over- 
whelming, intravenous administration may be indicated. 

Total daily dosages are the same as with intramuscular injection. 
For very susceptible organisms, 500 mg. to 1.5 Gm. per day may 
suffice; for less susceptible organisms and for serious infections, 
2 to 4 Gm. per day may be needed. 

How Supplied: Ampoules Loridine® (cephaloridine, Lilly), 500 mg., 

5-ml. size, rubber-stoppered; 1 Gm., 10-ml. size, rubber-stoppered. 
[020472] 

Additional information available to the profession on request. 

Eli Lilly and Company 

Indianapolis, Indiana 46206 


200309 


UUR SEAKCH HAS ENUED 


w 
T 








uestions 










GENTAMICIN Hinectable 


sulfate LM./LV. 
Each cc. contains gentamicin sulfate 
inje ion equivalent to 40 mg. gentamicin 


Can we help with your questions about GARAMYCIN Injectable, Doctor? 
If so, write to: 


Schering Corporation 

Professional Services Department AS 
Galloping Hill Road 

Kenilworth, New Jersey 07033 
Telephone: (201) 245-5000 








WARNING: Patients treated with GARAMYCIN Injectable should be under close clinical observation because of the potential toxicity 


associated with the use of this drug. 

—— both vestibular and auditory, can occur in patients, primarily those with precxiuiap renal damage. treated with 
Garamycin Injectable, usually for longer periods or with higher doses than recommended. 

GanAMYcIN Injectable is potentially nephrotoxic, and this should be kept in mind when it is used in patients with preexisting renal 
impairment. (See Package Insert for other precautions, contraindications, ctc.) 

Monitoring of renal and eighth nerve function is recommended during therapy of patients with known impairment of renal function. 
This testing is also recommended in patients with normal renal function at onset of erapy who develop evidence of nitrogen 
— (increasing BUN, NPN, creatinine or oliguria). Evidence of ototoxicity requires dosage adjustments or discontinuance 
of the drug. 

In event of overdose or toxic reactions, peritoneal dialysis or hemodialysis will aid in removal of gentamicin from the blood. 

Serum concentrations should be monitored when feasible and prolonged concentrations above 12 mcg./ ml. should be avoided. 

Concurrent use of other neurotoxic and/or nephrotoxic drugs, particularly streptomycin, neomycin, kanamycin, cephaloridine, 
viomycin polymyxin B, and polymyxin E (colistin), should be avoided. 

Usage in Pregnancy: Safety for use in pregnancy has not been established. 
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Serious Surgical Infections 
+ Are the etiologic patterns in hospital-acquired infections changing? 


A. Yes. Although staphylococci are still the most common causative agents in wound infections, gram- 
negative bacteria are becoming more and more significant as causes of certain types of wound 
infections. Klebsiella, Pseudomonas, Proteus, Serratia, and Escherichia coli are implicated with 
increasing frequency. 


Q 


A. GARAMYCIN Injectable is effective against susceptible strains of all of them. GARAMYCIN Injectable 
may be considered an antibiotic for initial therapy in suspected as well as documented gram-negative 
sepsis. GARAMYCIN Injectable has been shown to be effective in serious staphylococcal infections. 

It may be considered in those infections when penicillins or other less potentially toxic drugs are 
contraindicated and bacterial susceptibility testing and clinical judgment indicate its use. (For 
detailed listing of susceptible organisms, see prescribing information on the following page.) 


Against which of the above pathogens is GARAMYCIN Injectable effective? 


Adverse Reactions 
What about adverse reactions to GARAMYCIN Injectable? 


a O 


As with certain other aminoglycoside antibiotics, neurotoxicity (primarily vestibular) and potential 
nephrotoxicity are risks of therapy (see warning statement on preceding page). With GARAMYCIN 
Injectable, the risk of toxic reactions is low in patients with normal renal function who do not receive 
the drug at higher doses or for longer periods than recommended. For example, the normal patient 
receiving the recommended single dose will attain a blood level of approximately 4 mcg. /ml.; the 
potentially toxic level is 12 mcg. /ml. Studies concerning the toxicity as outlined above are available 
on request from Schering Laboratories. 


Dosage Guidelines in Serious Surgical Infections-IM /IV 


Q. Is it always necessary to adjust dosage to the patient's weight? 


a 


No. While the basic daily dosage of GARAMYCIN Injectable, as recommended in the Product Informa- 
tion Sheet, is 3 mg./kg./day, administered in three equal doses, many busy physicians prefer to use an 
average dose. 

A new, simplified dosage guideline is provided in recently revised GARAMYCIN Injectable labeling 
which assures adequate serum levels. 

This new dosage, in patients with normal renal function, is easy to calculate and easy to remember. 
Adults weighing 132 pounds or less should receive 1.5 cc. (60 mg.) every eight hours. Adults weighing 
more than 132 pounds should receive 2 cc. (80 mg.) every eight hours. In children and infants and 
patients with impaired renal function, dosage should be adjusted in accordance with instructions set 
forth in the Product Information Sheet. Use in newborns is limited to life-threatening infections. 


+ Can Garamycin Injectable be administered intravenously? 


m KS 


. For intravenous use dilute a single dose in 100 or 200 cc. of sterile normal saline (or sterile dextrose 
5% in water); infuse over a period of 1-2 hours. The concentration of GARAMYCIN in solution should 
not exceed 1 mg. /cc. (0.1%). 


Clinical Evidence 
* How much clinical usage has Garamycin Injectable had? 


m KO 


. Since its introduction in 1969, GanAMYcIN Injectable has been administered to more than 750,000 
patients with a variety of serious gram-negative infections. Results have been satisfactory in the vast 
majority of these patients, even in those with life-threatening infections. The antibiotic has been the 
subject of more than 1500 published papers and 12 international symposia. 

Garamycin has also had widespread use in other parts of the world — Canada, South America, 
Europe, Africa, Australia, and Japan. It has been used successfully abroad for nearly 10 years. 


See Clinical Considerations section which follows... 
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Now recommended for IV use where indicated 


Injectable GARAMYCIN® I.M ./I.V. 

brand of gentamicin sulfate U.S.P, injection 40 mg./cc. 

Each cc. contains gentamicin sulfate equivalent to 40 mg. gentamicin 
For Parenteral Administration 


WARNING: 

Patients treated with GARAMYCIN Injectable should be under 
close clinical observation because of the potential toxicity as- 
sociated with the use of this drug. 

Ototoxicity, both vestibular and auditory, can occur in pa- 
tients, primarily those with preexisting renal damage, treated 
with GARAMYCIN Injectable, usually for longer periods or with 
higher doses than recommended. 

ARAMYCIN Injectable is potentially nephrotoxic, and this 
should be kept in mind when it is used in patients with pre- 
existing renal impairment. (See Package Insert for other precau- 
tions, contraindications, se) 

Monitoring of renal and eighth nerve function is recom- 
mended during therapy of patients with known impairment of 
renal functiom. This testing is also recommended in patients 
with normal renal function at onset of therapy who develop 
evidence of nitrogen retention (increasing BUN, NPN, creati- 
nine or oliguria). Evidence of ototoxicity requires dosage ad- 
justments or discontinuance of the drug. 

In event of overdose or toxic reactions, peritoneal dialysis or 
hemodialysis will aid in removal of gentamicin from the blood. 

Serum concentrations should be monitored when feasible 
and prolonged concentrations above 12 mcg./ml. should be 
avoided. 

Concurrent use of other neurotoxic and/or nephrotoxic 
drugs, particularly — neomycin, kanamycin, ceph- 
aloridine, viomycin, polymyxin B, and polymyxin E (colistin), 
should be avoided. 

Usage in Pregnancy: Safety for use in pregnancy has not 
been established. 





Indications: GARAMYCIN Injectable is indicated, with due regard for 
relative toxicity of antibiotics, in the treatment of serious infections 
caused by susceptible strains of the following microorganisms: Pseudo- 
monas aeruginosa, Proteus species (indole-positive and indole-nega- 
tive), Escherichia coli and Klebsiella-Enterobacter-Serratia species. 
Clinical studies have shown GARAMYcIN Injectable to be effective in 
serious infections of the central nervous system (meningitis), septice- 
mia, urinary tract, respiratory tract, gastrointestinal tract, skin and 
soft tissue (including burns). Bacteriologic tests to determine the caus- 
ative organisms and their susceptibility to gentamicin should be per- 
formed. Bacterial resistance to gentamicin develops slowly in stepwise 
fashion; there have been no one-step mutations to high resistance. 

In suspected or documented gram-negative sepsis, GARAMYCIN may 
be considered as initial therapy. The decision to continue therapy 
with this drug should be based on the results of susceptibility tests, 
the severity of the infection, and the important additional concepts 
contained in the “Warning Box” above. 

GARAMYCIN has been shown to be effective in serious staphylococcal 
infections. It may be considered in those infections when penicillins or 
other less potentially toxic drugs are contraindicated and bacterial sus- 
ceptibility testing and clinical judgment indicate its use. 


Contraindications: A history of hypersensitivity to gentamicin is a 
contraindication to its use. 


Precautions: The concurrent use of gentamicin with potent diuretics 
such as ethacrynic acid should be avoided. Intravenous diuretics may 
cause fairly rapid rise in gentamicin serum level and potentiate neuro- 
toxicity. Neuromuscular blockage and respiratory pou have been 
reported in the cat receiving high doses (40 mg./kg.) of gentamicin. 
The possibility of these phenomena occurring in man should be con- 
sidered if gentamicin is administered to patients receiving neuromus- 
cular blocking agents such as succinylcholine and tubocurarine. Treat- 
ment with pns may result in overgrowth of nonsusceptible 
organisms. If this occurs, appropriate therapy is indicated. 


Adverse Reactions: Nephrotoxicity: Adverse renal effects, as demon- 
strated by rising BUN, NPN, serum creatinine and oliguria, have been 
reported. They occur more frequently in patients with a history of 
renal impairment trcated with larger than recommended dosage. Neu- 
rotoxicity: Adverse effects on both vestibular and auditory branches 
of the eighth nerve have been reported in patients on high dosage 
and/or prolonged therapy. Symptoms include dizziness, vertigo, tin- 
nitus, roaring in the cars and hearing loss. Numbness, skin tingling, 


— 


= 77 Urt 





muscle twitching, and convulsions have also been reported. 

Note: The risk of toxic reactions is low in patients with normal renal 
function who do not receive GARAMYCIN Injectable at higher doses or 
for longer periods of time than recommended. 


Other reported adverse reactions, possibly related to gentamicin, 
include increased serum transaminase (SGOT, SGPT), increased se- 
rum bilirubin, transient hepatomegaly, decreased serum calcium; 
splenomegaly, anemia, increased and decreased reticulocyte counts, 
granulocytopenia, thrombocytopenia, purpura; fever, rash, itching, 
urticaria, generalized burning, joint pain, laryngeal edema; nausea, 
vomiting, headache, increased salivation, lethargy and decreased appe- 
tite, weight loss, pulmonary fibrosis, hypotension and hypertension. 


and Administration: GARAMYCIN Injectable may be given 
intramuscularly or intravenously. 

For intramuscular administration in adults with normal renal func- 
tion:* 

For patients weighing over 60 kg. (132 1b), the usual dosage is 
80 mg. (2 cc.) three times daily. For patients weighing 60 kg. (132 Ib.) 
or less, the usual dosage is 60 mg. (1.5 cc.) three times daily. 

In patients with life-threatening infections, dosages up to 5 mg./ 
kg./day may be administered in three or four equal doses. This dos- 
age should be reduced to 3 mg./kg./day as soon as clinically indicated. 

*In children and infants and patients with impaired renal function, 
dosage must be adjusted in accordance with instructions set forth in 
the Package Insert. Use in newborns should be limited to life-threat- 
ening infections. See Package Insert. 


For Intravenous Administration: The intravenous administration of 
GARAMYCIN Injectable is recommended in those circumstances when 
the intramuscular route is not feasible (e.g., patients in shock, with 
hematologic disorders, with severe burns, or with reduced muscle 
mass). For intravenous administration, a single dose of GARAMYCIN 
Injectable may be diluted in 100 or 200 cc. of sterile normal saline or 
in a sterile solution of dextrose 5% in water; the concentration of 
gentamicin in solution should not exceed 1 mg./cc. (0.1%). The solu- 
tion is infused over a period of 1 to 2 hours. 

GaRAMYCIN Injectable should not be physically premixed with 
other drugs, but should be administered separately in accordance 
with the recommended route of administration and dosage schedule. 


How Supplied: GaRAMYcIN Injectable, 40 mg./cc., 2 cc. multiple-dose 
vials, for parenteral administration. MARCH, 1971 
AHFS Category 8:12.28 


For more complete prescribing details, consult Package Insert or Phy- 
sicians’ Desk Reference. Schering literature is also available from your 
Schering Representative or Medical Services Department, Schering 
Corporation, Kenilworth, New Jersey 07033. 


References: 1. Brayton, R. G., and Louria, D. B.: Gentamicin in gram-negative 
urinary and pulmonary infections, Arch. Int. Med. /14:205, 1964. 2. Louria, 
D. B.; Young, L.; Armstrong, D., and Smith, J. K.: Gentamicin in the treatment 
of pulmonary infections, J. Infect. Dis. //9:483, 1969. 3. Gatmaitan, B. G.; 
Carruthers, M. M., and Lerner, A. M.: Gentamicin in treatment of primary 
gram-negative pneumonias, Am. J. M. Sc. 260:90, 1970. 4. Cox, C. E.: Gentamicin, 
M. Clin. North America 54:105, 1970. 5. Cox, C. E.: Gentamicin, a new 
aminoglycoside antibiotic: Clinical and laboratory studies in urinary tract in- 
fection, J. Infect. Dis. 119:486, 1969. 6. Cox, C. E., and Harrison, L. H.: 
Gram-negative bacteremia and comparison of gentamicin and polymyxin B— 
kanamycin therapy. Presented at the Annual Meeting of the American Urological 
Association, Philadelphia, Pennsylvania, May 10-14, 1970. To be published in 
J. Urol. 7. Groll, E.: Clinical experience with gentamicin, data from 12 German 
clinics, in Gentamicin: First International Symposium, Paris, January 1967, 
Lucerne, Essex Chemie AG, 1967, p. 121. 8. Jackson, G. G.: Laboratory and 
clinical investigation of gentamicin, ibid., p. 62. 9. Medeiros, A. E.: Discussion, 
J. Infect. Dis. 79:533, 1969. 10. Finland, M.: Gentamicin: Antibacterial activity, 
clinical pharmacology and clinical applications, M. Times 97:161, 1969. 1l. 
Polk, H.: Discussion, J. Infect. Dis. 119:529, 1969. 
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Annular Pancreas in the Adult 


WILLIAM LLOYD-JONES, M.B., Ch.B. (LIVERPOOL), F.R.C.S. (EDIN. AND ENGJ,* 
JOHN C. MOUNTAIN, M.B., B.S. (LOND.), F.R.C.S. (ENG.),** 


NNULAR PANCREAS is a rare anatomic anomaly which, 
A according to Ravitch and Woods, is probably the 
only true congenital abnormality of the gastrointestinal 
tract that often does not become apparent until adult 
life. It may be entirely asymptomatic only to be dis- 
covered as an incidental finding at necropsy. 

The incidence of the condition is difficult to assess. 
McNaught 2° found 39 cases in the literature before 
1933. More recently, however, cases have been reported 
with increasing frequency, and the cumulative literature 
now records approximately 250 examples, of which more 
than 70% have been reported since 1952. That the condi- 
tion is rare is supported by the review of Ravitch and 
Woods ?* in which only three instances of annular pan- 
creas were found in 20,000 autopsies at Johns Hopkins 
Hospital. Marchese '* did not find any in 28,000 autop- 
sies, and Vasconcelos and Sadek ?* found only one in a 
review of 22,243 abdominal operations. 

Between the years 1947 and 1971, 14 patients have 
been seen and treated at the Lahey Clinic Foundation, 
five of whom were documented previously." These 
14 patients form the basis for review of annular pan- 
creas presented here. 


Embryology and Pathogenesis 

In humans pancreatic tissue arises from two segmental 
primordial offshoots of the primitive intestine. The larger 
of these lies in the dorsal mesentery and eventually forms 
the bulk of the gland. The other smaller pancreatic bud, 
arising within the ventral duodenal mesentery, is the 
most inferiorly placed of a contiguous cluster of three 
buds that eventually form the hepatic duct, gallbladder, 
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and ventral pancreatic lobe respectively. Because of this 
contiguous origin, they share an exit at the ampulla of 
Vater. 

By selective expansion of growth on the left side of 
the duodenal loop, the back of the former ventral pan- 
creatic component comes to lie more to the right and 
posteriorly. 

At the completion of this process referred to as rota- 
tion of the ventral pancreas but which in essence is a 
simple passive displacement of this portion of the gland 
as a result of selective expansion of the duodenum, the 
body and tail of the adult pancreas arise from the dorsal 
analogue while the head itself arises from the ventral 
lobe. 

Lecco’s ™ theory is the most widely accepted as to 
the formation of the annular pancreas. He considered 
that the free end of the ventral pancreas becomes fixed, 
and as it migrates around to the right posteriorly to join 
the dorsal analogue it comes to encircle the duodenum 
(Fig. 1). 

Morphologically the condition consists of a ring of 
pancreatic tissue totally or partially encircling the duo- 
denum, usually in its second part, and producing ob- 
structive changes in the proximal part of this organ. In 
most instances when the duct system has adequately 
been studied, the annulus has been shown to have a 
single main duct originating in that portion which over- 
lies the left anterior surface of the duodenum, It then 
sweeps dorsally around the right side of the organ 
crossing posteriorly from right to left and opening into 
the main pancreatic duct close to the ampulla. Variants 
of this arrangement have been described such as the 
example elegantly shown on operative cholangiography 
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Fic. 1. A, B, C, Normal embryonic development of the pancreas. 
D, Lecco's theory of the development of the annular pancreas. 


by Heymann and Whelan 8 when the right half of the 
annular duct was found to drain into the ampulla, while 
the left half drained into the main pancreatic duct itself. 
A point of surgical significance is that in the majority of 
patients the left anterior portion of the annulus is the 
area in which the annular duct is least likely to be pres- 
ent. The annulus itself consists histologically of normal 
pancreatic tissue that may undergo the same pathologic 
processes as the normal pancreas. In the present series, 
three patients (21.4%) were shown at operation to have 
the changes of chronic pancreatitis. This compares with 
the incidence found by Drey? The high incidence of 
pancreatitis may be associated with ductal obstruction 
as a result of the tortuosity usually found in the arrange- 
ment of the pancreatic drainage system. Also, duodenitis 
as a result of chronic obstruction to the passage of food 
may lead to papillitis of the ampulla of Vater and pan- 
creatic duct stasis. 
Clinical Features 

Annular pancreas presents predominantly in infancy 
or in the fourth or fifth decade of life, the peak inci- 
dence being in the first year of life and the fourth 
decade.*! Three phases of the anomaly are encountered 
clinically."* In the first phase duode nal obstruction may 
be so complete in the newborn that immediate surgical 
intervention is required. Conversely, the obstruction may 
be of such minimal degree in the adult that the anomaly 
is an incidental finding at necropsy. Into the third cate- 
gory fall those patients who present in adult life with 
symptoms. 

In our 14 patients (eight women and six men) the 
age at which annular pancreas was diagnosed varied 
from 29 years to 62 years, the maximum incidence being 
in the fifth decade. The age at onset of symptoms even- 
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tually attributed to the anomaly was much lower, how- 
ever, the majority of patients being in the fourth decade 
(Figs. 2 and 3). This delay in diagnosis (mean 8 years) 
was probably the result of the unawareness of the at- 
tending clinician of the possibility of the diagnosis, and 
to the presence of associated upper abdominal pathology 
which could in itself have accounted for the symptoms. 
Five of the 14 patients had previously undergone opera- 
tion for gallbladder disease, and in whom the pan- 
creatic anomaly had been missed. Unless the anomaly 
is specifically looked for, only a carefully performed 
laparotomy will lead to its discovery, as it is situated 
retroperitoneally and can easily be overlooked. 
Although women predominated in our small series, 
the generally accepted opinion is that in adults men are 
affected more frequently. Coexisting congenital anoma- 
lies such as congenital heart disease, duodenal stenosis . 
or atresia, mongolism, tracheo-esophageal fistula with or 
without esophageal atresia, and malrotation of the in- 
testine were found to be present in 70 per cent of cases 
reviewed by Jackson.'! He found that in infancy duo- 
denal stenosis or atresia was the most frequent anomaly 
associated with annular pancreas, found in approxi- 
mately 40 per cent of the cases. It is likely that in many 
cases the duodenal lesion, rather than annular pancreas, 
is the underlying cause of obstruction. Whelan and Ham- 
ilton *! believe that the frequent association of these two 
anomalies may be more than coincidental. They point 
out that the evolution of the intestine from a solid state 
occurs at the same time as normal intestinal rotation, and 
any temporary arrest in development at this stage might 
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explain the association of the two defects. In adults, 20 
to 25 per cent of patients have associated congenital 
abnormalities,^?* although duodenal stenosis is only 
present in 15 per cent. One patient in our series had what 
we could call a congenital anomaly in that he had bi- 
lateral polycystic disease of the kidney. 

In the newborn infant, the familiar symptoms of bilious 
vomiting, upper abdominal distention, dehydration, and 
electrolytic disturbances are typical of neonatal duodenal 
obstruction. An exact preoperative diagnosis is not pos- 
sible, since duodenal atresia or stenosis and constricting 
peritoneal bands from malrotation of the intestine can 
all produce the same clinical picture. In the adult, the 
disease is characterized by chronic partial duodenal ob- 
struction progressing over a long period, measured usu- 
ally in years. The classic symptom of postprandial epi- 


gastric fullness accompanied by nausea and relieved by 


vomiting was seen in seven patients (50% in our series ). 
As palpation of the annulus at operation often does not 
reveal obstruction of the duodenum, these symptoms in 
the cases uncomplicated by chronic peptic ulceration or 
chronic pancreatitis arise probably not from stenosis of 
the duodenum itself but rather as a result of an angula- 
tion of this organ above the level of the annulus by the 
pull of the ptosed and dilated stomach as suggested by 
Beck.” In some patients, however, true duodenal stenosis 
does develop. This may result from a peptic ulcer situ- 
ated close to the annulus, repeated attacks of pancreati- 
tis in the annular tissue, or from reactive fibrosis in the 
duodenal wall as a result of the continuous pressure 
exerted by food material against the unyielding duo- 
denum leading to local tissue anoxia. 


Clinical Presentation 


The commonest presenting symptom in our series was 
that of upper abdominal pain (86%). In nine patients the 
pain was colicky and located in the epigastrium. In two 
patients the pain was colicky and located in the right 
hypochondrium. Seven patients complained of a post- 
prandial feeling of fullness and bloating, five of whom 
also gave a history of nausea and vomiting. Three pa- 
tients admitted to a progressive weight loss, and four 
gave a history of gastrointestinal tract bleeding at some 
time after the onset of symptoms. Epigastric tenderness 
was elicited in three patients and jaundice in four. 

In five patients previously performed biliary tract 
surgery had been followed either by a recurrence of the 
original symptoms or new upper abdominal complaints, 
including jaundice in four patients. This led to a second 
laparotomy in three patients, resulting in a negative ex- 
ploration of the common bile duct in two. 

The clinical features may be modified at any time by 
the appearance of complications of the anomaly. These 
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Fic. 3. Age at diagnosis. 


may suddenly transform a chronic picture into an acute 
clinical situation. The commonest complication is that of 
peptic ulceration, especially in the duodenum. Of the 
six patients in our series (43% of cases) found to have 
duodenal ulcers at operation, three gave a previous his- 
tory of gastrointestinal bleeding. As suggested by Whelan 
and Hamilton," who found an incidence of 32 per cent 
of peptic ulceration, annular pancreas may play a part 
in its etiology by promoting the stasis of food within the 
antrum which in turn accentuates the hormonal phase of 
gastric secretion. The annulus may also prevent regurgi- 
tation of the neutralizing alkaline secretions of the duo- 
denum. Another factor which has been submitted in the 
etiology of peptic ulcer disease in these patients is the 
hypoglycemia that may occasionally develop.” The dura- 
tion of symptoms may be correlated with the develop- 
ment of peptic ulceration, since in our group those with 
active ulcer disease had had symptoms for a number of 
years (range, 3 to 20 years with a mean of 11 years). 
All four patients who presented with a history of 
jaundice had had cholecystectomy performed pre viously. 
As part of the pancreatic ring usually lies proximal to 
the ampulla of Vater,''* jaundice has not been pre- 
viously reported with great frequency, ^25 although 
Pincus,** however, stated that jaundice may be the most 
obvious clinical feature in a few patients, usually infants, 
in whom the common duct is involved in the annular 
pancreas. While it is easy to explain the presence of 
obstructive jaundice in two of our patients, the cause is a 
little obscure in the others in whom the biliary tract was 
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Fic. 4. Upper gastrointestinal barium series showing dilatation of 


the proxim: al duodenum. The dilated duodenal bulb overlies the 
deformity in the descending duodenum produced by the annular 
pancreas. 


completely patent. It may well have been the result of 
associated pancreatitis in one patient. 


Investigations 


Apart from the biochemical evidence of obstructive 
jaundice in four patients in the form of a raised serum 
bilirubin level of the direct variety and a rise in the 
serum alkaline phosphatase level, no abnormality was 
discovered in routine laboratory tests. 

In the neonate, the condition presenting clinically as 
duodenal obstruction shows the typical "double bubble" 
straight abdominal roentgenologic appearance '* shared 
by duodenal stenosis and obstructive duodenal bands. 
The diagnosis in the adult is dependent exclusively on 
the findings of the upper 
Mast et al! 
classic radiologic signs—a small annular filling defect in 


gastrointestinal barium x-ray 


studies. have called attention to three 


the second part of the duodenum, symmetrical dilata- 
tion of the proximal duodenum, and reverse peristalsis 
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in the duodenum proximal to the annulus. At the level 
of the annulus, the duodenum is retracted toward the 
head of the pancreas by the encircling tissue. The notch- 
like pressure defect thus produced upon the outer bor- 
der of the duodenal loop is characterized by a smoothing 
out or compression of the underlying mucosa and of 
eccentric narrowing of the lumen.! When the annulus is 
narrow, the lumen tends to overhang on cither side so 
that the filling defect of the annulus may be overlapped. 
The diameter of the duodenal lumen distal to the an- 
nulus is normal or diminished. 

The upper gastrointestinal barium study was abnormal 
in all 12 patients on whom it was performed, Seven of 
these studies showed a definite smooth constriction of 
the second part of the duodenum with dilatation of the 
proximal bulb in six (Fig. 4). In the remaining five 
patients, evidence of obstruction in the second part of 
the duodenum was again noticed, but the proximal bulb 
was irregularly deformed, and no obvious dilatation was 
(Fig. 5). This supports the view stated by 
Warren ?? that in the presence of complicating peptic 


shown 


ulceration, the classical sign of proximal duodenal dila- 
tation may be totally obscured by ulceration and scarring 
of the bulb. 

Upper gastrointestinal barium studies were not per- 
formed in two of the patients who presented with ob- 
structive jaundice. The correct diagnosis was mentioned 
as a possibility or stressed as more likely in eight patients 
on whom the studies were performed. 

In the adult, cholecystoduodenocolic bands, postbulbar 
peptic ulcer stricture, primary neoplasia of the duode- 
num, and cicatrizing duodenitis may enter into the dif- 
ferential radiological diagnosis, but these can usually 
be excluded by careful radiologic examination. Chole- 
cystoduodenocolie bands usually involve the bulb of 
the duodenum, which is a rare site for annular pancreas. 
Screening the patient in the right anterior oblique posi- 
tion will result in disappearance of the deformity caused 
bv a band, while it may accentuate the deformity pro- 
duced by an annular pancreas. The presence of an ulcer 
crater in the region of the stricture will support the 
diagnosis of postbulbar peptic ulcer stricture, while the 
destruction of the mucosa itself in the presence of a fill- 
ing defect will support the diagnosis of a primary duo- 
denal neoplasm or invasion of the duodenum by a 
neoplasm from without. Crohn's duodenitis may be rec- 
ognized radiologically by the presence of fissures, mu- 
cosal edema, and the associated lesions in the distal 
small bowel or colon. 


Operative Findings and Treatment 


Annular pancreas was identified in all patients at op- 
cration. It was found to be a complete ring in 13 patients, 
while in the remaining patient only a partial annulus 
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was present. In 11 patients, the ring was situated in the 
region of the second part of the duodenom, while in 
three patients it was found at the junction of the second 
and third parts. The various operative procedures used 
in the treatment of annular pancreas are shown in 
Table 1 

The proximal duodenum was dilated and ptosed 
six patients, while in a further six evidence of chronic 
duodenal ulceration with scarring and puckering of the 
wall was present. In two patients the proximal duode- 
num was perfectly normal. 

Evidence of chronic pancreatitis was present in three 
patients. The disease in each was predominantly con- 
fined to the region of the head of the gland. 

The chance of permanent cure of annular pancreas is 
good in the adult in whom treatment consists of reliev- 
ing the obstruction and correcting the complications of 
chronic peptic ulceration or biliary tract obstruction 
when they exist. In the infant, the prognosis is worse 
because of the multiplicity of congenital anomalies that 
may exist, some of which are incompatible with life. 
The first successful operative procedure for annular pan- 
creas was performed by Vidal?” in 1905 when he carried 
out a gastrojejunostomy on a 3-day-old infant. In 1910 
Lerat ? reported success in treating a patient with an- 
nular pancreas by resecting the ring. Later, both How- 
ard? and Lehman !* reported similar successes, and the 
latter in 1942 concluded that an attack on the ring 
seemed logical, had not resulted fatally, and had af- 
fected more cures than failures. He reversed his opinion 
over the following years, however, and in 1951?! ac- 
knowledged the superiority of short-circuiting procedures 
over division or resection of the annulus in view of the 
high morbidity that followed the latter. Reemtsma * in 
a review of 101 patients treated surgically found similar 
mortality figures for both simple division of the annulus 
and bypass procedures but was able to show a marked 
difference in the morbidity from the two types of pro- 
cedures. Division of the annulus was found to be fol- 
lowed by a high incidence of complications amounting 
to 55 per cent as compared with 10 per cent for a simple 
bypass operation. Also, twice as many permanent cures 
occurred after bypass procedures than simple division of 
the annulus alone. There are two main reasons for this. 
The division of the annulus may result in the transection 
of a reasonably sized annular duct which, if not recog- 
nized, will lead to pancreatitis and a pancreatic fistula. 
The division of the annulus may not necessarily relieve 
the obstruction as the underlying narrowed duodenum 
which by then is permanently stenotic may not expand 
after its release from the encircling ring of pancreatic 
tissue. Hyden '° attributed this to the intermingling of 
the annular tissue with the duodenal wall. This circum- 
ferential intermingling of pancreatic tissue with the duo- 
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Fic. 5. Upper arrows indicate a deformity of the pyloric antrum 
and duodenal bulb due to chronic peptic ulcer disease. Lower ar- 
rows indicate obvious annular deformity of the second part of the 
duodenum. 


denal muscularis may prevent the unfolding and expan- 
sion. of the bowel after division or resection of the 
annulus. In addition, division of these minute interlacing 
bundles may permit escape of a sufficient volume of pan- 
creatic juice to induce local fibrosis and a subsequent 
stricture. Division of the annulus was carried out on 
only two occasions in the present series and then 
in conjunction with some form of bypass procedure. 
One of the patients operated on had a protracted recov- 
ery in which a jejunal fistula developed that required 
three further operative procedures before it finally 
healed. 

In the uncomplicated case, a simple bypass procedure 
such as a duodenojejunostomy, duodenoduodenostomy, 
or gastroenterostomy will suffice. A retrocolic duodeno- 
jejunostomy favored by Gillette and Lynch * is the main- 
stay of surgical treatment in the infant as it forms satis- 
factory bypass and decompression of the proximal 
duodenum. The patient in our series who had this pro- 
cedure did very well. A posterior gastroenterostomy with 
division of the annulus performed on one patient pro- 
duced a cure. We would not advocate this operation, 
however, without the addition of a truncal vagotomy as 
it is prone to be complicated later by marginal ulcera- 
tion. Duodenoduodenostomy | is rarely performed be- 
cause of its limitations. Since the anastomosis is placed 
ventral to the constricting ring, only those patients in 
whom the annulus is are suitable, otherwise 
stomal dysfunction may occur.!5 This complication was 
seen in one of the two patients on whom it was per- 
formed in series and led to vagotomy and 
trectomy. The patient's recovery from this Was delay ed 
by an episode of acute pancreatitis. When the anomaly 
is complicated by duodenal ulceration as it was in six of 


narrow 
16 


our an- 
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our patients, some form of definitive ulcer operation 
should be performed in addition to the bypass procedure 
for the annulus. The five patients in whom gastric re- 
section was performed did very well, apart from the one 
patient previously referred to in whom a jejunal fistula 
developed. The remaining two patients had posterior 
gastroenterostomy supplemented by vagotomy. All six 
patients have done well. If a partial gastrectomy is car- 
ried out, closure of the duodenal stump does not usually 
present any problems, and although obstruction of the 
second part of the duodenum is present, leakage at the 
stump in the postoperative period is rare." If the con- 
striction beneath the annulus is severe and back pressure 
on the leaking stump is feared, duodenojejunostomy may 
be carried out, anastomosing the end of the duodenum 
to the side of the efferent loop of jejunum. 

Of the seven patients who were found to have biliary 
tract disease at operation, five had dilated common bile 
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ducts. A definite cause was found for this in three in- 
stances in the form of common duct calculi in two pa- 
tients acd & traumatic postoperative common bile duct 
stricture in one. In the remaining two patients, no ob- 
vious incraluminal or intramural cause was found for 
the clinical picture of obstructive jaundice. One of these 
patients, who was in a poor general condition preopera- 
tively, died after simple decompression of the biliary 
system; the other recovered from operation (vagotomy, 
posterior gastroenterostomy, choledochostomy with 
T-tube crainage) and has not had a recurrence of ob- 
structive jaundice. 


Postoperative Complications 


Mortality. Of the 14 patients, one (7.1%) died. This pa- 
tient (Case 7) had had a cholecystectomy 14 years 
before acmission to the Lahey Clinic Foundation and at 
the time of admission had obstructive jaundice. Explora- 








TABLE 1. Summary of Cases 
Case, 
Age, Presenting Symptoms 
and Sex and Duration Previous Surgery Radiologic Findings Operative Findings Treatment Follow-up 
1 Epigastric pain; Cholecystectomy, Obstruction second Annular paacreas Billroth II partial Well at 4 yrs. 
41 M postprandial fullness; 4 yrs.; calculi part duodenum; second oart duo- gastrectomy; 
vomiting; inter- found scarring of bulb; no denum; ducdenal choledochostomy; 
mittent jaundice; dilatation ulcer; calcu i common calculi 
weight loss; 3 yrs. bile duct; dilated 
common bile duct 
2 Intermittent epigas- None Partial obstruction Annular pancreas Duodenoduodenos- Well at 6 yrs. 
40 F tric pain; postprandial second part duode- ^ second part duode- tomy 
fullness; weight loss; num; dilated first num; dilated first 
9 mos. part duodenum; no part duoderum 
i ulcers 
3 Intermittent epigas- None Deformity second Annular pancreas Billroth II gas- Well at 10 yrs. 
29 M tric pain, 8 yrs.; re- part duodenum; dis- second part duo- trectomy 
peated gastrointestinal tortion bulb; no denum: two duodenal 
bleeding, 4 yrs. dilatation ulcers 
4 Intermittent epi- Cholecystectomy, Smooth constriction Annular pancreas Duodenojejunos- Well at 6 yrs. 
44 F gastric pain; post- 12 yrs.; laparo- second part duode- ^ second part duode- tomy 
prandial fullness; 10 tomy, 6 mos. num; dilatation first num; chronic pan- 
yrs. part duodenum creatitis; duodenal 
dilataticn 
5 Intermittent jaun- Cholecystectomy, No barium studies; Partial annular pan- Hepaticodochal Well at 6 1/2 
36 F dice; nausea; 6 mos. 7 mos. for calculi; intravenous cholan- creas; dilated com- ^ anastomosis yrs. 
exploration com- — giogram, no excretion mon bile duct; 
mon bile duct, stricture corimon bile 
4 mos. duct; duodenum 
normal 
6 Intermittent epi- None Smooth deformity Annular pancreas Duodenoduodenos- ^ Postoperative 
47 F gastric pain; nausea; second part duode- second and third tomy revised to pancreatic cysto- 
7 yrs. num; dilated first part ducden.im; vagotomy and antrec- gastrectomy; 
part duodenum dilated Cuodenum tomy in view of cholecystectomy 
postoperative stomal 
obstruction 
7 Intermittent jaun- Cholecystectomy No barium studies Annular pancreas; Exploration common Died postopera- 
60 M dice; 2 mos. for calculi, 14 yrs. dilated common bile duct; division tively 


bile duct; na 
duodena: dilatation 


upper abdominal ad- 
hesion 








3 yrs. 


dilatation duodenal 
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TABLE 1. (Continued) 
Case, 
Age, Presenting Symptoms 
Mr” and Sex and Duration Previous Surgery Radiologic Findings Operative Findings Treatment Follow-up 
8 Hematemesis and None Smooth deformity Annular pancreas ^ Posterior gastroen- Well at 7 yrs. 
62 M melena; nausea and second part duo- second part duo- terostomy; division 
vomiting; polycystic denum; no duodenal denum; chronic annulus 
kidneys ulcer; dilatation pancreatitis; 
duodenal bulb duodenal dilatation 
9 Intermittent right None Smooth deformity Annular pancreas Vagotomy; posterior Well at 3 mos. 
45 F upper quadrant pain; second part duo- second and third gastroenterostomy; 
nausea; postprandial denum; no duodenal parts duodenum; cholecystectomy 
fullness; vomiting; ulcer; nonfunctioning cholecystitis with 
17 yrs. gallbladder calculi; duodenal 
dilatation 
10 | Right upper quadrant None Distortion upper Annular pancreas Partial gastrectomy; Jejunal fistula; 
51 M pain; intermittent second part duode- second part duode- ^ choledochostomy; well at 19 yrs. 
postprandial fullness, num; no dilatation num; duodenal ulcer; cholecystectomy; 
20 yrs.; vomiting; bulb dilated common bile division annulus 
z gastrointestinal bleed- duct; chronic cholecys- 
— ing, 1 yr. titis; calculi 
11 Intermittent epigas- None Dilated first and Annular pancreas Partial gastrectomy; Well at 6 yrs. 
32 F tric pain, 17 yrs.; epi- second parts duo- second and third cholecystectomy; 
gastric postprandial denum; smooth de- parts duodenum; choledochostomy 
fullness; vomiting; formity over lower dilated duodenal bulb; 
weight loss, 5 yrs. second part duo- biliary calculi 
denum 
12 Intermittent epi- None Deformity second Annular pancreas Partial gastrectomy Well at 14 yrs. 
47 M gastric pain; 3 episodes part duodenum; de- second part duodenum; 
gastrointestinal bleed- formed duodenal bult scarring of bulb 
ing; 9 yrs. 
13 Intermittent epigas- Cholecystectomy; Deformity second Annular pancreas Posterior gastroen- Well 
41 F tric pain; acute ad- calculi, 13 yrs.; part duodenum; ir. second part duode- terostomy; vagot- 
mission with severe exploration com- regularity duodenal num; chronic pan- omy; choledochos- 
pain; jaundice; very mon bile duct, 6 bulb creatitis with dilated tomy; T-tube drain- 
ill; 15 yrs. yrs. ago common bile duct; no age; patent ampulla 
calculi; duodenal ulcer 
14 Intermittent epigas- None Smooth deformity Annular pancreas; Vagotomy; posterior Gastrointestinal 
42 F tric pain; postprandial upper part second gross scarring first gastroenterostomy bleeding postop: 
fullness; vomiting; part duodenum; no part duodenum eratively 


bulb 





tion of the common bile duct revealed no calculi. In 
view of the poor general condition of the patient, only 
decompression of the biliary system by means of a 
T-tube was accomplished. The patient died after opera- 
tion from renal failure. 

Morbidity. In one patient (Case 10) who had a par- 
tial gastrectomy, cholecystectomy, choledochostomy, and 
division of the annulus, a wound dehiscence developed 
on the 21st postoperative day for which a secondary 
closure was carried out. Subsequently, a jejunal fistula 
appeared; after attempt at closure failed, Roux-en-Y 
gastrojejunostomy was carried out. The fistulous segment 
of jejunum was successfully resected 8 weeks later. The 
patient has since done well. 

Another patient (Case 6) who had duodenoduode- 
nostomy for an uncomplicated annulus had stomal ob- 
struction postoperatively. Antrectomy and vagotomy were 
performed after which acute pancreatitis developed. The 


patients recovery was somewhat slow, and 8 mont 
later a cystogastrostomy had to be performed for a pa 
creatic pseudocyst. He has since done well. 

Postoperative gastrointestinal tract bleeding occurri 
in one patient (Case 14) who had a vagotomy ai 
posterior gastroenterostomy for an annulus complicate 
by duodenal ulceration. The patient responded quick 
to conservative measures consisting of transfusions ar 
did well. 

The follow-up period for the 13 patients who sc 
vived operation varied from 3 months to 19 years wi 
an average of 8.5 years. 


Summary and Conclusions 


Cases of 14 patients with annular pancreas treated : 
the Lahey Clinic Foundation between 1947 throug 
1971 have been reviewed. Annular pancreas in the adu 
is often asymptomatic unless complications such as pe] 
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tic ulceration, acute pancreatitis, or bile duct obstruc- 
tion occur. Treatment should consist of relief of any 
obstruction to the duodenum by a bypass anastomosis, 
and a retrocolic duodenojejunostomy is the procedure of 
choice. Division of the annulus is not advised as it does 
not always relieve the duodenal obstruction and the 
complication rate is high. The complications, especially 
duodenal ulceration which occurred in 43 per cent of 
our cases, should also be corrected by appropriate treat- 
ment at the time of operation. The prognosis after op- 
eration for annular pancreas is good. There was one 
postoperative death (7.1%), and a postoperative compli- 
cation occurred in three patients (21.4%). No patient 
has had any late recurrent symptoms. 

This congenital abnormality may be more common 
than is appreciated, and because of its retroperitoneal 
position it may not be recognized in some patients who 
have an abdominal exploration for another condition 
when the annulus is asymptomatic. In this series, five 
patients had previous definitive operations on the biliary 
tract elsewhere without the recognition of annular pan- 
creas at that time. 
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LTHOUGH herniorrhaphy may 
be considered a common and 

relatively minor surgical procedure, 
the anesthetic used is not a minor 
consideration. And, in a long, often 
complicated procedure such as 
nephrectomy, the choice of anes- 
thetic agent is even more critically 
important to surgeon, anesthesiol- 
ogist and patient. 

From herniorrhaphy to nephrec- 
tomy, FLUOTHANE (halothane) 
anesthesia offers important character- 
istics which are adaptable to the needs 
of many surgical procedures. For 
example, in herniorrhaphy, unevent- 
ful postop recovery is apt to be an 
important consideration—a require- 
ment that is well met by FLUOTHANE. 
And, in prolonged surgery such as 
nephrectomy, the necessity for con- 
tinuous electronic monitoring of the 





patient is facilitated by FLUOTHANE 
because it is nonexplosive and non- 
flammable. These properties take 
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multiplicity of electrical devices 
employed in the modern operating 
room. 
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ing, coughing 





g lessens airway problems 





permits rapid changes in dept 





of anesthesia 














emergence is rapid and tranq 
with quick recovery of protecti 
reflexes 





O minimal nausea and vomiting 
shorter recovery room stay 


(See last page of advertisement foi Brief Sum) 


BRIEF SUMMARY 

(For full prescribing information, 

see package circular.) 

FLUOTHANE? (HALOTHANE) 
FLUOTHANE is nonflammable, and its 
vapors mixed with oxygen in propor- 
tions from 0.5 to 50 per cent (v/v) are 
not explosive. FLUOTHANE does not de- 
compose in contact with warm soda 
lime. When moisture is present, the 
vapor attacks aluminum, brass, and 
lead, but not copper. FLUOTHANE is solu- 
ble in rubber, some plastics, and similar 
such materials will deterior- 
ate rapidly in contact with FLUOTHANE 
vapor or liquid. Stability of FLUOTHANE 


materials; 





is maintained by the addition of 0.01 
per cent thymol (w/w), and storage is in 
amber colored bottles. 


FLUOTHANE should not be kept in- 





definitely in vaporizing bottles not spe- 
cifically designed for its use. It is recom- 
mended that vaporizers be emptied at the 


end of each operating day. T hymol does 
not volatilize along with FLUOTHANE, and 





therefore accumulates in the vaporizer, 
and may, in time, impart a yellow color 
to the remaining liquid or to wicks in 
vaporizers. The development of such dis- 
coloration may be used as an indicator 
that the vaporizer should be drained and 
cleaned, and the discolored FLUOTHANE 
discarded, Accumulation of thymol may 
be removed by washing with diethyl 
ether. After cleaning a wick or vapor- 
izer, make certain all the diethyl ether 
has been removed before reusing the 
equipment to avoid introducing ether 
into the system. 

Actions. FLUOTHANE is an inhalation 
anesthetic. 
rapid and depth of anesthesia can be 
FLUOTHANE progres- 
There may 


Induction and recovery are 


rapidly altered. 
sively depresses respiration. 
be tachypnea with reduced tidal volume 
and alveolar ventilation. FLUOTHANE 
is not an irritant to the respiratory tract, 
and no increase in salivary or bronchial 
secretions ordinarily occurs. Pharyngeal 
and laryngeal reflexes are rapidly ob- 
tunded. It causes bronchodilation. Hy- 
poxia, acidosis, or apnea may develop 
during deep anesthesia. 


FLUOTHANE® (HALOTHANE 


FLUOTHANE (halothane) reduces the 
blood pressure, and frequently decreases 
the pulse rate. The greater the concen- 
tration of the drug, the more evident 
these changes become. Atropine may re- 
verse the bradycardia. FLUOTHANE does 
not cause the release of catecholamines 
from adrenergic stores. FLUOTHANE also 
causes dilation of the vessels of the skin 
and skeletal muscles. Cardiac arrhyth- 
mias may occur during FLUOTHANE anes- 
thesia. These include nodal rhythm, AV 
dissociation, ventricular extra systoles 
and asystole. FLUOTHANE sensitizes the 
myocardial conduction system to the ac- 
tion of epinephrine and norepine- 
phrine, and the combination may cause 
serious cardiac arrhythmias. FLUOTHANE 
increases cerebral spinal fluid pressure. 
FLUOTHANE produces moderate muscu- 
lar relaxation. Muscle relaxants are 
used as adjuncts in order to maintain 
lighter levels of anesthesia. FLUOTHANE 
augments the action of nondepolarizing 
relaxants and ganglionic blocking 
agents. FLUOTHANE is a potent uterine 
relaxant. 

Indications. FLUOTHANE is indicated for 
the induction and maintenance of gen- 
eral anesthesia. 

Contraindications. FLUOTHANE should 
be avoided when a previous exposure 
was followed by fever and jaundice, or 
when there was an unexplained postop- 
erative fever. FLUOTHANE (halothane) 
is not recommended for obstetrical an- 
esthesia except when uterine relaxation 
is required. 

Warnings. FLUOTHANE should be used 
in vaporizers that permit a reasonable 
approximation of output, and prefer- 
ably of the calibrated type. The vapori- 
zer should be placed out of circuit in 
closed circuit rebreathing systems; 
otherwise overdosage is difficult to avoid. 
The patient should be closely observed 
for signs of overdosage, i.e., depression 
of blood pressure, pulse rate, and venti- 
lation, 
controlled ventilation. 

Usage in Pregnancy: Safe use of 


particularly during assisted or 


FLUOTHANE has not been established 
with respect to possible adverse effects 
upon fetal development. Therefore, 
FLUOTHANE should not be used in 
women where pregnancy is possible and 
particularly early pregnancy, 
unless, in the judgment of the physician, 


during 


the potential benefits outweigh the un- 
known hazards to the fetus. 
Precautions. Cirrhosis or other abnor- 
malities involving liver dysfunction, in- 
cluding a history of viral hepatitis, may 
be a basis for selecting an anesthetic 
other than a halogenated agent. 

The uterine relaxation obtained with 


S AVAILABLE IN THE UNITED STATES BY ARRANGEMENT WITH IMPERIAL CHEMICAL INDUSTRIES, LTD. 


FLUOTHANE, unless carefully controlled, 
may fail to respond to ergot derivatives? 
and oxytocic posterior pituitary extract. 

FLUOTHANE increases cerebrospinal 
fluid pressure. Therefore, in patients with 
markedly raised intracranial pressure, 
if FLUOTHANE is indicated, administra- 
tion should be preceded by measures 
ordinarily used to reduce cerebrospinal 
fluid pressure. Ventilation should be 
carefully assessed, and it may be nec- 
essary to assist or control ventilation to 
insure adequate oxygenation and car- 
bon dioxide removal. 

Epinephrine or norepinephrine 
should be employed cautiously, if at all, 
during FLUOTHANE 





(halothane) anes- 
thesia since their simultaneous use may 
induce ventricular tachycardia or fibril- 
lation. 

Nondepolarizing relaxants and gan- 
glionic blocking agents should be ad- 
ministered cautiously, since their actions 
are augmented by FLUOTHANE. 
Adverse Reactions. The following ad- 
verse reactions have been reported: 
hepatic necrosis, cardiac arrest, hypo- 
tension, respiratory arrest, cardiac ar- 
rhythmias, hyperpyrexia, 
nausea, and emesis. 


shivering, 





Dosage and Administration. FLUOTHANE 
may be administered by the nonre- 
breathing technic, partial rebreathing, 


or closed technic. The induction dose 


varies from patient to patient. The 
maintenance dose varies from 0.5 per 
cent to 1.5 per cent. 

How Supplied. No. 3125—Unit pack- 
ages of 125 cc. and 250 cc. of halothane 
stabilized with 0.01% thymol (w/w). 


FLUOTHANE 
(HALOTHANE) 
the most widely used 


inhalant anesthetic... 
from 

Ayerst. SANSA 
for precision,experience, 
and quality. 
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Part of the emergency care team 


Furacin 


nitroturazone 


FORMULA: Contains Furacin (nitrofurazone) 0.2% in Solubase® (a 
water-soluble base of polyethylene glycols 4000, 1000 and 300). 


SENSITIZATION: Sensitization to Furacin is rarely seen in t 
and surgical practice, the reported incidence not exceeding O.* 
The reported overall incidence of sensitization is low, about 1.1 
including those reactions which occur when treati 
ulcers, notoriously sensitive to many agents. In the 
tion is minimized by protecting surrounding intac 
ointment. To minimize any adverse effect restric 
possible to 5 to 7 days, and remove medic irrigation at 
first sign of irritation. Furacin (ni azor does not re- 
place surgical procedures when these are indicated; how- 
ever it is a useful adjunct. 


Furacin belongs on every 
emergency care team. Furacin 
encourages infection-free heal- 
ing, is nonmacerating, nonirritat- 
ing, nontoxic to tissue. Furacin 
seldom sensitizes, and 
development of resistant 
strains is unlikely. i» 





















lication where 













"clean wound insurance" 
EATON LABORATORIES Sae . . . 
atte for burns, lacerations, abrasions 


| 6 Originators and Developers of The Nitrofurans 


Early in this century Edkins 
showed that the intravenous in- 
jection of an extract of antral 
mucosa would stimulate gastric 
acid secretion. He gave the name 
gastrin to this proposed hormone. 
After Komarov substantiated the 
presence of such a hormone, 
Gregory and fellow workers iso- 
lated, characterized, and synthe- 
sized the polypeptide. Gastrin not 
only has an important influence 
on acid secretion, but also plays 
a major role in other gastrointes- 
tinal functions. 

Structure 
Antral gastrin contains 17 amino 
acids. It is remarkable that a 4 
amino acid segment, the carboxyl 
terminal portion, can reproduce 
all the activities of which the 
whole molecule is capable. 
Gastrin and feedback 
mechanism of acid secretion 

Gastrin is produced primarily by 
the mucosal cells in the gastric 
antrum, the distal non-acid se- 
creting portion of the stomach. 
The hormone stimulates the pari- 
etal cells in the fundus and body 
of the stomach to produce acid, 
and a negative feedback mecha- 
nism is initiated. Acid bathing 
the antrum acts directly on the 
gastrin-producing cell to IRR 
release of the hormone. 
















Gastrin: an updated look at an important hormone 


gastrin. The sphincter muscle is 
more sensitive to the effects of 
gastrin than adjacent esophageal 
muscle. The efficacy of antacid 
therapy in reflux esophagitis may 
be due, in part, to the release of 
antral gastrin. Antacids neutral- 
ize gastric acid and raise the pH 
in the antrum. The gastrin which 
is then released increases the 
strength of the sphincter, which 
acts as a barrier against reflux. 


Some other actions of gastrin 


Beyond gastrin’s prime role as a 
stimulator of gastric acid produc- 
tion, gastrin also acts on other 
parts of the G.I. tract. On the 
stomach, to stimulate (albeit 
weakly) pepsin production and in- 
crease gastric antral motility. On 
the pancreas, by stimulating en- 
zyme secretion. On the liver, by 
increasing the flow of bile. On the 
intestine, by inhibiting absorp- 
tion of water and electrolytes, and 
—possibly—increasing motility. 
And, on the ileocecal sphincter, 
by relaxing it (contrary to its ac- 
tion on the gastroesophageal 
sphincter), and perhaps contrib- 
uting to the gastro-colic reflex. 


Excessive gastrin production 
It would be expected that if the 


stomach could not produce acid, . 
gastrin release would continue hi 
nabated. Indeed such is the case ` 
pernic here: 










hlorhydria, and circulating 
rin levels are very high. Alka- 





y William H. Rorer, Inc., and does not imply physician endorse; 





linization of the antrum, vagal 
stimulation, and mechanical dis- 
tension of the antrum all provoke 
gastrin release. 

In the Zollinger-Ellison syn- 
drome the radioimmunoassay of 
gastrin may be the best diagnos- 
tic technique. The islet-cell tumor 
produces large amounts of gas- 
trin, leading to gastric hyperse- 
cretion and often intractable ulcer 
disease. Another situation in 
which gastrin levels may be high, 
is when the antrum is retained 
after gastric resection. Here the 
antrum is removed from the in- 
hibitory effects: “of acid, and hy- 
persecretion of gas O 


Some therapeutic — 
Obviously surgical removal o 
antrum will lower gastric se 
tion as therapy for peptic ul 
disease. But other ways of antag- ~ 
onizing gastrin are being invess 3 
tigated. Some substances have'a- 
close structural similarity to the 
gastrin molecule. For example, 
cholecystokinin, the intestinal 
hormone, and caerulein, a mate- 
rial extracted from the skin of 
amphibians, contain in theig 
Structure a sequence of amin 
acids identical to the active tg 
minal portion of gastrin. Thé 
ances are competitive 
rs of gastric secretion. They T 
ombine with the receptor site for ' 
acid secretion, cause little stimu- 
lation of the receptor, § 
occlude the site. 
































of any product. 


Keys 

. Gastrin-producing cells in antrum begin 
secreting in response to elevated pH of stomach. 

. Gastrin stimulates parietal cells in body 
and fundus to secrete gastric acid. 

. Contraction of gastroesophageal sphincter 
facilitated by gastrin. 

. Resulting HCI, produced by parietal cells, 
inhibits further release of gastrin. 


The pleasant 


answer to 
unpleasant 
problems of 
hyperacidity 


Ever since Camalox was introduced, 
physicians have been making the dis- 
covery that here, indeed, is an ant- 
acid that does what an antacid is 
designed to do. 

And does it most agreeably. 

It neutralizes excess acid—associ- 
ated with peptic ulcer, gastritis, 
esophagitis, hiatal hernia and heart- 
burn. 

Fast. And thoroughly. 

Consider the patient suffering from 
hiatal hernia, with accompanying 
esophageal reflux—it is postulated 
that the release of gastrin during ant- 
acid alkalinization of gastric contents 
may help the gastroesophageal 
sphincter constrict, thereby helping to 
stop reflux and subsequent heartburn. 


There’s something else: Non-con- 
stipating Camalox, with its balanced 
formulation made by a special proc- 
ess*, is smooth, non-gritty. These 
qualities, together with its refreshing 
vanilla-mint flavor, make it easy to 
take. The first time. Or the hundredth, 

And considering that many patients 
have to spend weeks, months—even 
years—on antacid therapy, this is no 
small consideration. 

Next time you've got a patient with 
hyperacidity, prescribe Camalox. 

It's the pleasant answer...to an un 
pleasant condition. 


Composition: Balanced formulation of magne 
sium and aluminum hydroxides with calciu 
carbonate. 

Indications: As an antacid in the treatment and 
management of peptic ulcer, gastritis, gastriq 
hyperacidity, hiatal hernia, peptic esophagitis 
heartburn, indigestion, and upset stomach. 
Warning: Camalox should not be used in pa 
tients who are severely debilitated or suffer 
ing from kidney failure. 

Supplied: Camalox Tablets—bottles of 50 tab 
lets and boxes of 100 tablets (in foil strips), 
Camalox Suspension—white liquid in conven 
ient 12 fluid ounce plastic bottles and eco 


nomical 16 ounce (pint) bottles. 
*Patent pending 


Camalox 


magnesium and aluminum hydroxides 
with calcium carbonate 


R 


WILLIAM H. RORER, INC. RORER 


Nashinoton Pa 19034 R 





Dialose Plus has no pits... 


(dioctyl sodium sulfosuccinate and sodium carboxymethylcellulose plus casanthranol) 





Andnopitfalls, either,inthe management And Dialose Plus softens and lubricates, 


of the constipated surgical patient. too...for easier, less painful 
Because Dialose Plus is more consis- defecation. 
tently reliable than the old-fash- Also available: Dialose" (dioctyl sodium 
ioned constipation remedy. sulfosuccinate and sodium car- 
To lessen the strain of constipation, boxymethylcellulose)—for ef- 
it provides the effective yet fective stool softening and 
gentle peristalsis stimulation of lubrication, when peristalsis 
casanthranol. stimulation is not required. 


N STUART PHARMACEUTICALS | Pasadena, Calif. 91109 
Division of ATLAS CHEMICAL INDUSTRIES, INC. 
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. Ready Late Summer! 


The most up-to-date text in its field 


by 








SABISTON: 
Davis-Christopher 
TEXTBOOK 
OF SURGERY 
New LOth Edition 





For years, Davis-Christopher’s Textbook of Surgery has been recognized as a landmark 
in medicine. Now Dr. David Sabiston, Jr., of Duke University has undertaken such a 
sweeping revision of this classic volume that the Davis-Christopher standard of qual- 


ity has been carried over into a completely new book. 


Typical of the outstanding articles you'll find in this new edition are: 


John M. Kinney and Fred C. Caldwell on Fever 
Francis D. Moore on Homeostasis 
Marshall J. Orloff on Surgery of the Biliary Tract 
Lloyd D. MacLean on Shock 
...to name only a few. 


Not only is Davis-Christopher now edited by one of the world's foremost names in 
surgery—each of the 141 contributors is widely recognized as an international au- 
thority on his topic. 


New chapters have been added to include discussions on: the use of computers and 
mathematical techniques in surgery, immunobiology of neoplastic disease, cardiovas- 
cular physiology and much more. Concise descriptions of the pertinent biochemistry, 
pathology, physiology, and pharmacology of the various disorders are included with 
material on their diagnosis and treatment. 


From emergency care to transplantation— from surgery of the hand to surgery of the 
heart—over 2000 pages are packed with vital information from the people who put 
it to work every day. Let them put it to work for you. 


About 2100 Pages—About 1155 Figures—Single Volume About $28.50. 
Two Volume Set About $35.—R eady Late Summer. 


55, 


the world's top surgical authorities. 


Name 


W. B. SAUNDERS COMPANY West Washington Square, Philadelphia, Pa. 19105 


Please send and bill me: 





Sabiston: Davis-Christopher TEXTBOOK OF SURGERY 
[] 7865 Single Volume About $28.50. C] 7866/67 Two Volume Set About $35. 
O Please send me the free 1972 SAUNDERS CATALOG. 

" Address D. 











Librium 
(chlordiazepoxide HCI) 


It helped prepare 50 highly anxious patients 
for cardiac surgery. 





Cardiac surgery afforded an excellenttest 
of Librium (chlordiazepoxide HCI) as pre- 
operative antianxiety medication to help 
patients enter surgery with greater calm- 
ness and without evidence of cardiovascu- 
lar or respiratory depression. 

In a recent double-blind study,* 50 anx- 
ious patients were given a 10-mg capsule of 
Librium and 50 patients received a placebo 
on a t.i.d. schedule, one day preoperatively 
and on the day of cardiac surgery. All pa- 
tients were given 100 mg of Librium or 
placebo, plus 0.4 mg scopolamine, I.M., 60 
to 90 minutes before operation. 

Clinical and psychologic tests showed 
that the Librium-treated group entered 
the operating room significantly lower in 
manifest anxiety than the placebo group, 
with no evidence of respiratory depression, 
hypertension, hypotension, nausea or 
emesis. 

In general use, the most common side ef- 
fects reported have been drowsiness, 
ataxia and confusion, particularly in 

the elderly and debilitated. 
Librium is available as 
5-mg and 10-mg capsules, 
and 100-mg ampuls for 
reduction of preopera- 
tive anxiety. On days 
preceding surgery 
the recommended 
dose is 5 to10 mg p.o, 
t.i.d. or q.i.d.; if used as 
preoperative medication, 50 
to 100 mg I.M. one hour prior 
tosurgery. 


ve ~ *Gibbs, L ; Svigals, R. E., and Riklan, M.: 
e Anesth. Analg., 50:17, 1971. 








(A copy of this study is 
available on request from 
your Roche representative.) 


Before prescribing, please consult complete product infor- 
mation, a summary of which follows: 

Indications: Indicated when anxiety, tension and appre- 
hension are significant components of the clinical profile. 
Contraindications: Patients with known hypersensitivity 
to the drug. 


Warnings: Caution patients about possible combined 
effects with alcohol and other CNS depressants. As with 
all CNS-acting drugs, caution patients against hazardous 
occupations requiring complete mental alertness (e .g., 
operating machinery, driving). Though physical and 
psychological dependence have rarely been reported on 
recommended doses, use caution in administering to 
addiction-prone individuals or those who might increase 
dosage; withdrawal symptoms (including convulsions), 
following discontinuation of the drug and similar to those 
seen with barbiturates, have been reported. Use of any 
drug in pregnancy, lactation, or in women of childbearing 
age requires that its potential benefits be weighed against 
its possible hazards. 


Precautions: ORAL: In the elderly and debilitated and in 
children over six, limit to smallest effective dosage (ini- 
tially 10 mg or less per day) to preclude ataxia or overseda- 
tion, increasing gradually as needed and tolerated. Not 
recommended in children under six. 

INJECTABLE: Keep patients under observation, preferably 
in bed, up to three hours after initial injection; forbid 
ambulatory patients to operate vehicle following injection; 
do not administer to patients in shock or comatose states; 
use reduced dosage (usually 25 to 50 mg) for the elderly or 
debilitated and for children age twelve or older. 

ORAL AND INJECTABLE: Though generally not recom- 
mended, if combination therapy with other psychotropics 
seems indicated, carefully consider individual pharma- 
cologic effects, particularly in use of potentiating com- 
pounds such as MAO inhibitors and phenothiazines. 
Observe usual precautions in presence of impaired renal 
or hepatic function. Paradoxical reactions (e.g., excitement, 
stimulation and acute rage) have been reported in psychi- 
atric patients and hyperactive aggressive children. Employ 
usual precautions in treatment of anxiety states with 
evidence of impending depression; suicidal tendencies 
may be present and protective measures necessary. 
Variable effects on blood coagulation have been reported 
very rarely in patients receiving the drug and oral anti- 
coagulants; causal relationship has not been established 
clinically. 

Adverse Reactions: Drowsiness, ataxia and confusion may 
occur, especially in the elderly and debilitated. These 

are reversible in most instances by proper dosage adjust- 
ment, but are also occasionally observed at the lower 
dosage ranges. In a few instances syncope has been 
reported. Also encountered are isolated instances of skin 
eruptions, edema, minor menstrual irregularities, nausea 
and constipation, extrapyramidal symptoms, increased 
and decreased libido — all infrequent and generally con- 
trolled with dosage reduction; changes in EEG patterns 
(low-voltage fast activity) may appear during and after 
treatment; blood dyscrasias (including agranulocytosis), 
jaundice and hepatic dysfunction have been reported 
occasionally, making periodic blood counts and liver 
function tests advisable during protracted therapy 

With the injectable form, isolated instances of hypoten- 
sion, tachycardia and blurred vision have been reported; 
also hypotension associated with spinal anesthesia, and 
pain following I.M. injection. 

Supplied: Librium capsules containing 5 mg, 10 mg or 

25 mg chlordiazepoxide HCI; 5-ml ampuls containing 

100 mg chlordiazepoxide HCI; Libritabs® tablets con- 
taining 5 mg, 10 mg or 25 mg chlordiazepoxide. 


Roche Laboratories 
Division of Hoffmann-La Roche Inc. 
Nutley, N.J. 07110 





unique mucoadhesive foam 


abetter way to 
medicate the mucosa 


.. after surgery 

Local steroid-analgesic therapy has not quite fulfilled its 
promise to proctology, because dosage forms often limit 
therapeutic success: conventional ointments and suppositories 
tend to under- or overshoot the most common operative sites— 
the anal canal and lower rectum.!-6 By assuring more thorough 
coverage of the definitive pathologic sites... 

Proctofoam-HC® offers greater promise of a short and 
pain-free postoperative period 

e better contact with the involved tissues;'-6 spreads evenly 
throughout the anal canal, rectal crypts, papillae, and 


hemorrhoidal sites 


e faster wound healing!-?:5 (2» to 3 weeks instead of an 
expected 3v2 to 4 weeks)5 








in postoperative therapy, £ 
hemorrhoids, proctitis 
cryptitis, fissures, g>. 4 
and pruritus ani 


* less scar formation—wounds were more 
pliable, with clean, healthy-looking 
granulating tissue!-? 

* less edema, inflammation, swelling, itching, 
pain, and tenesmus!.3.5.6 

e preferred by patients to other forms of 
therapy'.4.5 


©) WG Reed & Carnrick/Kenilworth, N.J. 07033 


Proctofoam-HC 


antiinflammatory /antipruritic/ analgesic 

Each measured dose (approx. 6.5 ml.) delivers hydrocortisone acetate 
1%, pramoxine hydrochloride 1%, in a water-soluble, mucoadhesive 
foam base 


in postoperative 
therapy, 
hemorrhoids, 
proctitis, 
cryptitis, 
fissures, 

: and pruritus ani 


Proctofoam-HC 


Active Ingredients: Hydrocortisone acetate, 
1%, and pramoxine hydrochloride, 1%, in 
a mucoadhesive foam base. 
Indications: Temporary relief of anorectal 
inflammation, pruritus, pain and swelling 
associated with hemorrhoids, proctitis, 
cryptitis, fissures, postoperative pain and 
pruritus ani. 
Contraindications: Abscess, extensive 
fistulas or sinus tracts, tuberculosis, varicella, 
vaccinia or acute herpes simplex. 
Precautions: A complete rectal examination 
to rule out serious pathology should be com- 
pleted before instituting therapy. Do not use 
on infected lesions unless accompanied by 
antiinfective agents. Discontinue use if 
sensitivity develops. 
Caution: Do not Insert any part of the aerosol 
' container into the anus. Contents of the con- 
tainer are under pressure, but not flammable. 
Dosage: One applicatorful two or three times 
daily and after each bowel evacuation. 
Perianally, apply as needed. 
How Supplied: In aerosol container providing 
15 Gms. of medication (approx. 25 appli- 
cations) with special rectal applicator and 
patient instructions. 
References: 1. Bernstein, |.: Surg. Dig. 4:23, 
Jan. 1969. 2. Sladek, W. R.: Scientific exhibit 
presented at 69th Annual Meeting of American 
Proctologic Society, Hollywood, Fla., April 
12-16, 1970. 3, Sladek, W. R.: Amer. J. Clin. 
Res. 1:33, Jan.-Feb. 1970. 4. O'Brien, J. R.: 
Surg. Dig. 4:27, April 1969. 5. Miller, H.: 
Amer.J. Proctol. 18:59, Feb. 1967. 6. Lieber- 
man, W.: Amer. J. Proctol. 20:134, April 1969, 
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ATLAS of 
GASTROINTESTINAL 
SURGERY 


KOMEI NAKAYAMA, M.D., Pro- 
fessor of Surgery, and Director 
of institute of Gastroenterology, 
Tokyo Women's Medical College 


Here is an atlas of exceptional surgical merit 
nnd surpassing beauty from a distinguished 
Japanese surgeon. Dr. Nakayama presents, in 
vivid, step-by-step fashion the surgical methods 
that have won him international acclaim. 


The author is a pioneer and a world leader in 
the field of esophageal surgery. One-third of 
his atlas is devoted to surgery of this type. It 
includes a description, in minute detail, of Dr. 
Nakayama's reconstruction of the cervical esoph- 
agus using d revascularized segment of the 
bowel. In the remaining two-thirds of the 
atlas you'll find operations on the rest of the 
gastrointestinal tract plus the gall bladder, bile 
duct, liver, pancreas, and spleen. 


Surgical indications, pre- and postoperative care, 
and complications are described along with the 
surgical techniques. A beautiful section of the 
atlas contains large photographs of, and in- 
structions for the use of, Dr. Nakayama's in- 
struments for small vessel anastomosis. 


649 Pages 1500 Illustrations 1969 $42.00 
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J. B. Lippincott Company 
East Washington Square 
Philadelphia, Pa. 19105 


Please send me: 
Atlas of Gastrointestinal Surgery 
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For the busy surgeon . . . an up-to-date review 
of recent progress 


THE SURGICAL MANAGEMENT 
OF VASCULAR DISEASES 


Edited by Henry Haimovici, M.D. With 24 Contributors. 




















This timely book provides a comprehensive overview of the 
latest diagnostic methods and therapeutic procedures for some 
of the most important venous and arterial diseases amenable to 
surgical correction. 


Chapters in this well-organized work range from Plication of ihe 
Interior Vena Cava for Prevention of Pulmonary Embolism to 
Surgical Indications in Renovascular Hypertension. Illustrated 
chapters were contributed by authorities in fields of vascular 
surgery, thoracic surgery, internal medicine, cardiology, hema- 
tology, and radiology. Clinically-sound conclusions are presented, 
based upon data from long-term follow-ups and the recent emerg- 
ence of standardized techniques and surgical indications. 


Everyone concerned with the limits and advantages of vascular 
surgery will benefit from the important material that fills the 
pages of this helpful book. 









260 Pages . 155 Illustrations e. 1970 e. $18.50 
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J. B. LIPPINCOTT COMPANY 
East Washington Square 
Philadelphia, Pa. 19105 
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[] THE SURGICAL MANAGEMENT OF VASCULAR DISEASES....$18.50 
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Major Hepatic Resection for Malignant Neoplasms of the Liver 


LTHOUGH resection of the liver was sporadically em- 
A ployed during the late 19th and early 20th Cen- 
turies for treatment of certain hepatic neoplasms 191415. 
2220,29 it has been only in the past 20 years that cer- 


tain interested surgeons have aggressively faced the 


problem of hepatic resection for cancer. Left hepatic 
lobectomy, with dissection of the porta hepatis, selective 
vascular and ductal ligation, and surgical resection of 
the left lobe, presents no great technical problem. Com- 
parable resection of the right lobe of the liver is a for- 
midable undertaking, however, and has become a stand- 
ardized surgical procedure largely due to the endeavors 
of Quattlebaum ? in the United States and Lortat- 
Jacob 18 in France, who independently in 1952 reported 
their early experience in controlled right hepatic lobec- 


œ- tomy. Since 1952 major hepatic resection has been in- 


creasingly employed by many surgeons in many parts of 
the world, and the results of this type of surgical treat- 
ment are now becoming evident.1.54.5.7.8.0,10,11,17,20,21,24,25 


Clinical Material for Analysis 


During the 19-year period, 1950-1968, there have been 
102 instances of hepatic resection in Memorial Hospital 
by attending surgeons or residents of the Gastric Service 
and of the Rectal and Colon Service. Almost half were 
either marginal excisions of the liver in continuity with 
a neoplasm of stomach or colon, or were simple wedge 
excisions of an apparent solitary metastasis in the liver 
from a primary neoplasm elsewhere. Five excisions were 
performed for benign lesions. Fifty-three procedures, 
however, involved, resection of a major portion of the 


— "liver and all 53 were performed as independent surgical 


endeavors. Three of these major hepatic resections were 
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performed by a surgeon who preferred that they not be 
included in this study. The remaining 50 major hepatic 
resections* provide the material on which the following 
analvsis is based. 

Confusion in nomenclature is occasionally met in a 
discussion of major hepatic resection. The liver consists 
of several lobes (Fig. 1), and the time-honored concept 
of its division into right and left lobes by the falciform 
ligament is anatomically incorrect. The correct anatomi- 
cal division between right and left lobes is stated to be 
the plane extending from the fossa of the gallbladder 
inferiorly to the fossa of the inferior vena cava su- 
periorly.1® This plane of division lies some 6 to 8 cm. to 
the right of the falciform ligament, and the anatomical 
left lobe is thus subdivided in the plane of the falciform 
ligament into a lateral and medial segment, the latter of 
which incorporates most of what has been termed in the 
past the quadrate and the caudate lobes. The anatomical 
right lobe is further divided into an anterior and pos- 
terior segment. This anatomical division into lobes and 
segments is based on the distribution of the vessels and 
ducts as determiried by plastic injection studies and dis- 
section of corrosion casts of the liver '? (Fig. 2). 

The intention of the surgeon should not be to resect a 
specific lobe or segment along anatomical boundaries, 
but to remove completely and with adequate margins 
the diseased portion of the liver. For practical purpcses, 
therefore, the terms right hepatic lobectomy and left 
hepatic lobectomy are used in a surgical sense racher 





* One or more hepatic resections was performed by each of the 
following surgeons (listed alphabetically): Robt. J. Booher, Lem- 
uel Bowden, Richard D. Brasfield, Joseph G. Fortner, Ralph 
Hertz, Walter Lawrence, jr., Gordon McNeer, Charles J. McPeak, 
George T. Pack, and Horace Whiteley. 


171 


. 


172 . BRASFIELD, BOWDEN AND McPEAK Ann. Surg. * Aug. 1972 


REPT GULAR than in an anatomical sense. Right hepatic lobectomy 
LIGAMENT , consists of removing at least the entire anatomical right 


lobe (including both anterior and posterior segments) 
and usually a portion of the medial segment of the v 
FALCIFORM anatomical left lobe as well. Left hepatic lobectomy 
consists of removing at least the entiré anatomical lat- 
eral segment of the left lobe and usually a portion of 
the media! segment as well. The somewhat arbitrary line 
of surgical division is dictated primarily by the require- 
ments of the individual case, and is influenced by the 
line of ischemia which usually demarcates clearly after 
either the right hepatic artery or the left hepatic artery 
has been ligated. 
In the present material hepatic lobectomy, whether 
right or left, is employed in the surgical sense as de- 
i scribed above. The smallest surgical specimen recorded 
CUMJSUADRATE LOBE was that cf a left hepatic lobectoriiy measuring 16 X~ « 
q f$ 8 X 4 cm. but weighing only 160 Gm., and represent- 
p ing only the lateral segment of the anatomical left lobe. 
The other left hepatic lobectomies were of greater di- 
mensions with weights ranging from 230 Gm. to 1660 
Gm., and a median value of 870 Gm. In those right 
hepatic lobectomies in which weight of specimens was 
CAUBATE LOBE recorded, the median value was 1290 Gm. with a range 
INE VENA CAVA l from 600 Gm. to 4,000 Gm. Three pediatric cases are 
included in this group. 







LIGAMENT 






/ iig 


Fic. 1. Diagrammatic representation of the liver in anterior, in- There were 13 left hepatic lobectomies, including four 
ferior-oblique, and inferior projections, showing ligaments and 
lobes as conventionally described. 


male and nine female patients with ages ranging from 


Fic. 2. Ductal and vas- 
cular structures of the 
liver, clearly defining the 
anatomical division be- 
tween the right and left 
lobes. 
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2-9/12 years to 73 years, and with a median age of 53 
years. There were 37 right hepatic lobectomies, including 
.17 male and 20 female patients, with ages ranging from 
1-4/12 years to 71 years, and with a median age of 52 
years. There were thus 21 male patients and 29 female 
patients. One male patient was an oriental and one male 
patient a negro, while all remaining 48 patients were 
caucasian (Table 1). 


Surgical Procedure 


All 50 hepatic resections were performed under gen- 
eral anesthesia, and all but one of the 37 right hepatic 
lobectomies by right laparo-thoracotomy. The one ex- 
ception was in a child, 16 months of age, who had a 
sufficiently mobile liver and a sufficiently accessible 
hepatic vein-vena caval junction to permit right hepatic 
‘lobectomy for malignant hepatoma by an extended right 
subcostal incision alone. 

‘Left Hepatic Resection: Surgical exposure in the 13 
left hepatic resections varied depending upon the habitus 
of the patient, but required laparotomy only without 
entry into the thorax in all but one patient. One 36-year- 
old woman underwent left laparo-thoracotomy in order 
to facilitate left hepatic lobectomy for an unusually large 
solitary metastasis of carcinoma of uncertain primary 
origin. 

After ligation and division of the left hepatic artery 
and duct, and ligation and division of the main branch 
of the portal vein to the left lobe, the falciform ligament, 
the left triangular ligament, and the gastrohepatic liga- 
ment are divided and the left lobe of the liver, thus 
__ mobilized, can be displaced into the wound. By placing 

parallel rows of interlocking sutures along the line of 
color demarcation, usually evident as a result of the 
prior vascular ligation and usually developing just to the 
right of the falciform ligament, the left lobe of the liver 
is resected through the devascularized tissue between 
parallel rows of sutures, Care must be taken as the liver 
is thus divided to identify, expose, ligate and divide the 
large left hepatic vein draining into the vena cava close 
to the diaphragm. The finger-fracture technic of Lin 
may well be employed in dividing through hepatic 
parenchyma, and may possibly permit a safer left hepatic 
resection than is provided by the suture guillotine 


TABLE 1. Brasfield, Bowden, & McPeak: Major Hepatic Resection— 


Memorial Hospital, N. Y, C. 1950-1968 








Left Right Total 
No. cases 13 T 50 
Male 4 17 21 
Female 9 20 29 
Age range 2-2/12—73 yrs. 1-4/12—71 yrs. -— 
Median 53 yrs. 52 yrs. -— 
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method. However, in our opinion the finger-fracture 
technic is of much greater applicability to the conduct 
of right hepatic resection, as will be discussed subse- 
quently. 

In these 13 left hepatic lobectomies blood loss varied: 
Two patients each required only 500 cc. of blood re- 
placement, while one patient required 4,000 cc. of blood 
replacement. The median value of blood replacement 
was 1,500 cc. Operating time, likewise, varied from 1% 
hours to 5% hours with a median operating time of 4 
hours. One patient died of cerebrovascular disease on the 
second postoperative day, and postoperative hospitaliza- 
tion in the remaining 12 patients varied from 9 days to 
34 days with a median hospital stay of 19 days ( Table 2). 

Right Hepatic Resection: Surgical exploration of the 
abdomen was usually performed through a generous 
right subcostal incision in the 37 patients who under- 
went right hepatic lobectomiy. When resection was con- 
sidered feasible, a counter incision across the right costal 
arch into the 8th or 9th intercostal space was subse- 
quently made after portal dissection and ligation and 
division of the vascular and ductal structures to the 
right lobe had been completed. Some of these patients 
underwent abdominal exploration through a right rectus 
vertical incision which was subsequently extended into 
the right thorax, and a few were primarily explored 
through a supra-umbilical transverse incision subse- 
quently extended into the right thorax. 

One of us (L.B.) at the time of portal dissection 
regularly inserts a small caliber T-tube into the common 
duct with its proximal arm placed well up into the left 
hepatic duct for the purpose of ready identification and 
protection of the left hepatic duct when the liver is being 
transected, as well as for postoperative observation of 
bile output from the residual liver and for postoperative 
cholangiograms if these should be required. This techni- 
cal modification has also been described by Dillard.® 
Mention should be made of the frequency of vascular 
anomalies in the porta hepatis, No major anomaly was 
encountered in our 50 cases, yet Michels 1? records 52 
aberrant right hepatic arteries and 54 aberrant left 
hepatic arteries in 200 specimens studied. 

When the right thorax has been entered, the lung is 
packed away and the diaphragm radially incised towards 


TABLE 2. Brasfield, Bowden, & McPeak: Major Hepatic Resection— 
Memorial Hospital, N. Y. C. 1950-1968 





Features of Operation. (Median Values)* 





Left Right 
Duration of operation 4 hrs. 5-1/2 hrs. 
Blood replacement 1500 cc 3500 cc 
Postop hospitalization 19 days 25 days 
Survival 21 mos. 13 mos. 





* Excluding operative deaths. 
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the caval hiatus. The right triangular ligament can be 
divided over to the falciform ligament which is usually 
not divided. Recent recognition of the importance of the 
umbilical vein for collateral circulation when portal 
hypertension exists ë favors the preservation of the falci- 
form ligament and umbilical vein if possible. As a result 
of prior vascular ligation there is usually a line of color 
demarcation evident just to the right of the falciform 
ligament. In all of the early cases of this series the liver 
was then displaced into the wound and retracted to the 
left, and by meticulous dissection along the inferior vena 
cava the several hepatic veins draining the right lobe 
into the vena cava could be exposed over a distance of 
1 to 2 cm, ligated in continuity, and then divided be- 
tween ligatures so placed (Fig. 3). Occasional hepatic 
veins from the right lobe were of such caliber as to 
require suture-ligature fixation, or continuous suture 
-closure over a vascular (Potts-Satinsky) clamp. When 
all the hepatic veins draining the right lobe had thus 
been secured, the liver was allowed to resume its normal 
anatomical position, and after placing of parallel inter- 
locking sutures in the plane of color demarcation the 
liver was divided beginning on its antero-superior sur- 
face and continuing into the substance of the liver, veer- 
ing slightly to the right as its posterior aspect is ap- 
proached so as to complete the transection just to the 
right of the vena cava. 

If through misadventure an hepatic vein or the vena 
cava itself is lacerated, severe bleeding can occur, and 
with the hepatic lobe still in place the site of bleeding 
may be inaccessible. To control such bleeding, tam- 





Fic. 3. Gentle traction on the mobilized liver towards the midline 
exposes the entrance of the several hepatic veins into the inferior 
vena cava, and permits their ligation and division under direct 
vision. 
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ponade of the vena cava above and below the liver 
may be required with precarious reduction in cardiac 
return. While maintaining caval compression, the mo-, 


bilized lobe of the liver must be rapidly resected, with J 


inevitable further bleeding, and the bleeding site or sites 
in the vena cava properly secured with adequate expo- 
sure. This sequence of events cannot be withstood by 
all patients, and in the 37 patients herein reported there 
were five deaths believed attributable to cardiac arrest 
secondary to markedly diminished cardiac return flow, 
in turn secondary to inferior vena caval tamponade for 
control of bleeding. 

Consequently, in the recent cases in this series, and 
in our current practice, the finger-fracture technic of 
Tien-Yu Lin !? has been employed with slight modifica- 
tions as follows: Following portal dissection with vascu- 


lar and ductal ligation, and mobilization of the right lobe" ~ 


of the liver via thoraco-laparotomy, no attempt to ligate 
the hepatic veins from behind is made. The hepatic 
parenchyma is entered to the right of the falciform liga- 
ment where color demarcation is evident, and by finger- 
fracture the major venous tributaries are adequately 
exposed, ligated, and divided as the dissection proceeds 
(Fig. 4). The vena cava need not necessarily be exposed 
at all if this technic is followed. The last six right hepatic 
resections of this series were performed in this manner 
without a fatality and with no major complication. 

Operating time in the 37 right hepatic lobectomies 
varied from 3 hours to 10% hours with a median operat- 
ing time of 5X hours. Blood replacement in the operative 
survivors, excluding the two infants in whom loss and 
replacement were not comparable to the adults, varied 
from 1,000 cc. to 10,000 cc. with a median value of 3,500 
cc. Excluding the 13 patients who did not survive, the 
postoperative hospitalization in the remaining 24 patients 
varied from 14 days to 66 days with a median hospital 
stay of 25 days ( Table 2). 


Pathology 


The lesion for which major hepatic resection was per- 
formed in these 50 patients was a malignant neoplasm 
in all instances. There were 14 resections performed for 
primary cancer of the liver, nine for primary cancer of 
the gallbladder, and the remaining 27 for metastatic 
cancer of varying histologic type and of varying primary 
origin (Table 3). 

Primary Cancer of the Liver: The high incidence of 
primary cancer of the liver in certain parts of the world _ 
is recognized and acknowledged,* but in our experience 
this tumor is rare. Twelve patients underwent right 
hepatic lobectomy and two patients underwent left he- 
patic lobectomy for a localized malignant hepatoma. 
Eight patients were male and six were female. Hepato- 
cellular carcinoma was more frequently encountered than 


<< 
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Fic. 4. Finger fracture 
division of the liver fol- 
lowing dissection of the 
porta hepatis with isola- 
tion, ligation, and divi- 
sion of the right hepatic 
duct, the right hepatic 
artery, and the right 
branch of the portal vein. 


primary cholangiocarcinoma or primary hepatic sarcoma 
in a ratio of 3 to 1. All four of the children in this series 
of 50 patients had primary hepatocellular carcinoma. 
Primary Cancer of the Gallbladder: Three men and 
six women underwent right hepatic lobectomy for pri- 
mary cancer of the gallbladder. In all nine individuals 
the diagnosis had been established by biopsy, and the 


_ feasibility of hepatic resection was determined by pre- 


vious laparotomy. The tumor was classified as adeno- 
carcinoma Grade III in four patients, and merely as 
carcinoma or anaplastic carcinoma in the remaining five 
patients. Four patients had regional node metastases, 
two had negative nodes, and in three the status of re- 
gional nodes was not recorded. 

Metastatic Lesions: Twenty-seven patients underwent 
major hepatic resection for apparent solitary or localized 
metastasis from a previously controlled malignant neo- 
plasm of separate and distant origin. All of these resec- 
tions were performed from 1 month to 7 years following 
apparently successful surgical treatment of the primary 
tumor. The majority of these patients, nine male and 


TABLE 3. Brasfield, Bowden, & McPeak: Major Hepatic Resection— 


Memorial Hospital, N. Y. C. 1050-1968 








Left Right Total 
Primary cancer liver 2 12 14 
Ca of gallbladder — 9 9 
Metastatic colon ca 7 12 19 
Metastatic sarcoma — 3 3 
Other 4 1 5 
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ten female, had had previous colon resections for adeno- 
carcinoma, of whom seven underwent left hepatic re- 
section and 12 underwent right hepatic resection. 

Three patients had right hepatic lobectomy for meta- 
static sarcoma. One man had been previously treated at 
Memorial Hospital for liposarcoma of the thigh, and two 
women had been previously treated for abdominal leio- 
myosarcoma, presumably gastric in origin, at other in- 
stitutions. 

The five remaining patients, all women, underwent 
hepatic resection for metastatic cancer of varying origin. 
One patient had left hepatic lobectomy for metastatic 
clear cell-carcinoma of the kidney, one had right hepatic 
lobectomy for metastatic mammary carcinoma, one had 
left hepatic lobectomy for metastatic ocular melanoma, 
and two patients had left hepatic lobectomies for meta- 
static carcinoma of uncertain origin. 


Complications 


Mention has already been made of the five deaths 
encountered in these 50 patients, in every instance be- 
lieved due to cardiac arrest in a heart already challenged 
by massive bleeding and further shocked by abrupt re- 
duction in return blood flow as a result of compression 
of the inferior vena cava to control bleeding. Air em- 
bolism may have contributed to these deaths. Nine other 
patients did not survive the operative procedure, dying 
from 2 days to 40 days following operation of a mul- 
tiplicity of causes and complications. 

Non-fatal complications were encountered in fre- 
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quency and type as might have been anticipated in any 
group of patients undergoing major upper abdominal 
operation. One young woman in whom a segment of 
adherent transverse colon was removed along with the 
right lobe of the liver developed a fulminating right 
subphrenic abscess which necessitated subsequent rib 
resection and drainage, but ultimately recovered and is a 
long-term survivor. 

Biliary fistula is a non-fatal complication peculiar to 
this type of surgical procedure. All 45 survivors had ade- 
quate drainage of the operative area established at the 
time of wound closure, and transient biliary drainage 
occurred in every instance, usually ceasing by the 2nd 
or 3rd postoperative day. Biliary drainage presented a 
problem in seven patients undergoing right hepatic re- 
section, and persisted from 10 days to 2 months before 
spontaneously clearing. Undoubtedly such prolonged 
drainage comes from an open major biliary duct in the 
cut surface of the liver, which has not been ligated at 
the time of resection, or from which the ligature has 
sloughed. If a T-tube has been placed into the remaining 
hepatic duct at the time of operation, not only can ap- 
propriate cholangiographic studies be obtained, but mild 
suction may be applied to the T-tube to encourage bile 
to flow away from the fistula. When a biliary fistula is 
persisting, furthermore, the gastroduodenal area is left 
largely devoid of an alkalyzing mechanism and measures 
must be taken to prevent acute peptic ulceration. Since 
the finger-fracture technic of Lin has been employed, 
there has been but one instance of a persisting post- 
operative biliary fistula. 


End Results (1950-1964) 


Five-year survival figures are necessarily based on the 
33 patients treated by major hepatic resection during the 
first 15 years of the study period, up to and including 
1964 (Table 4). 

Of the nine left hepatic resections performed more 
than 5 years ago, one patient died on the second post- 
operative day from cerebrovascular disease, probably 
unrelated to the surgical procedure, The other eight 
patients survived left hepatic resection, but seven sub- 
sequently died of further manifestations of the neo- 
plasms, 9 months to 57 months following operation. The 
eighth patient has been lost to follow-up after 5 years, 
but was living and well up to that time. 

In the 24 right hepatic resections performed more than 


TABLE 4. Brasfield, Bowden, & McPeak: Major Hepatic Resection— 
: Memorial Hospital, N. Y. C. 1950-1964 








Total Op. Mortality 5-Yr. Survival 
Left 9 1 (11%) 1 (11%) 
Right 24 8 (333%) 5 (21%) 
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9 years ago there were three deaths, in each instance 
due to cardiac arrest secondary to massive bleeding from 


the hepatic veins or vena cava. Five patients died on the . 


6th, 6th, 7th, 13th, and 28th postoperative days, from 
bronckopneumonia, pulmonary infarction, acute myo- 
cardial infarction, peritonitis, and septic thrombophlebi- 
tis, respectively. A 334% operative mortality for right 
hepatic resection is thus recorded. 

Five of the surviving 16 patients underwent right he- 
patic resection for solitary metastasis from a previously 
resected colonic carcinoma, of whom four died of fur- 
ther manifestations of cancer from 4 months to 11 months 
following resection. The fifth patient is living free of 
detectable cancer more than seven years following re- 
section. 

Two patients with metastatic leiomyosarcoma achieved 


rather striking survival of 64 months and 48 months, but ~ 


both died of further metastases. The patient with meta- 
static liposarcoma lived for 4 months before succumbing 
to hepatic failure. 

Three patients with primary carcinoma of the gall- 
bladder survived for 5 months, 25 months, and 15-4 years, 
the latter of whom died apparently of a second primary 
diffuse cholangiocarcinoma. 

The remaining five patients all had primary cancer of 
the liver, three of whom died at 4 months, 12 months, 
and 34 months following resection. The other two are 
living and well 10 years and 13 years following resection. 

In these 24 right hepatic resections, therefore, five pa- 
tients attained 5-year survival. Two have subsequently 
died, one at 64 months of recurrent leiomyosarcoma and 
the other at 15-4 years of an apparent second primary 
cancer. One patient undergoing resection for metastatic 
colonic cancer is living and well for more than seven 
years, and two patients undergoing resection for primary 
hepatoma are living and well at 10 years and 13 years. 


Conclusions 


From this analysis of 50 patients who underwent ma- 
jor hepatic resection for malignant neoplasms of the liver, 
it is evident that the procedure is characterized by ap- 
preciable risk, but may be effective in controlling the 
malignant process in some patients. 

Only one of three survivors with primary carcinoma 
of the gallbladder lived for more than 5 years, and only 
two of 16 survivors with metastatic cancer lived for more 
than 5 years. However, three of five survivors with pri- 
mary carcinoma of the liver remain living over 5 years, 
one by left hepatic resection and two by right hepatic 
resection, leading us to believe that major hepatic resec- 
tion may be of greatest value in the management of such 
primary neoplasms. 

We believe, furthermore, that significant palliation 
was afforded many of the survivors of hepatic resection 


“Vol. 176 * No. 2 


for metastatic cancer, and that, if operative mortality 
can be reduced and maintained at an acceptable level, 
_ hepatic resection should continue to be employed for 


«C 


all localized and technically resectable tumors of the 


liver. 


pae 
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Lobular Carcinoma—An Indication for 
Elective Biopsy of the Second Breast 


HE EVIDENCE that mammary cancer is a more curable 
To if it is diagnosed in an asymptomatic or pre- 
clinical stage provides an impetus for implementing ef- 
fective methods of early detection. In addition to other 
means of detection, elective, random or “blind” biopsy 
of the apparently normal breast is finding a place in the 
early diagnosis of mammary cancer in populations known 
to be at high risk for the disease. 

Elective biopsy promises to be particularly useful for 
the diagnosis of second primary lesions in women with 
known cancer in one breast. The incidence of clinical 
cancers in the remaining breast of women treated for one 
mammary cancer is known to be high, approximately 
five times the incidence of first cancers in the general 
female population, and these second cancers claim the 
lives of a significant number of patients. Clinical studies 
have identified categories of patients who are especially 
prone to develop second mammary cancers. Prominent 
among them are women who are less than 50 years of 
age, who have a strong family history of breast cancer 
and whose first cancer is multifocal, comedo or lobular 
carcinoma.,!:30 

Among the most likely for contralateral involvement, 
are women with lobular carcinoma.?439 This lesion, which 
arises in the lobules and terminal ducts of the breast, 
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has been recognized as a pathologic entity since 1941 
when the in situ form was described separately by Muir? 
and by Foote and Stewart,!? and it is now estimated to 
comprise from 0.6% to 10.2% of primary malignant breast 
neoplasms.*+3 Although in situ lobular carcinoma is of- 
ten multifocal and frequently in both breasts, it does 
not produce signs or symptoms. Its importance lies in its 
ability to become invasive or to metastasize. The risk of 
developing invasive carcinoma in a breast containing 
lobular carcinoma in situ is cumulative reaching 35% . 
after 20 vears.?+ . 

In 1969 the policy was adopted at Ellis Fischel State 
Cancer Hospital and the Cancer Research Center 
(EFSCH-CRC) of routinely performing a diagnostic 
biopsy of the opposite breast if lobular carcinoma was 
found in one, a practice recommended initially by New- 
man °” in 1962 and one which is finding an increasing 
number of adherents.?537.39 The present report relates 
the institutional experience with lobular carcinoma to 
date and the results of using it as an indication for elec- 
tive biopsy of the second breast. 


Materials and Methods 


Approximately 110 new patients with mammary can- 
cer in all stages are referred yearly to EFSCH-CRC for 
examination and treatment, and since 1940 more than 
3,000 instances of mammary cancer have been seen. 
When the present study began the files were reviewed 
to identify all women with a diagnosis of lobular car- 
cinoma. 

Microscopic slides were reviewed (CPM) to confirm 
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the diagnosis in all cases. The features of lobular carci- 
noma in situ (LIS) are characteristic (Fig. 1). An abrupt 
alteration in lobular cytology is ordinarily present. 

The size of the lobule is increased and its ducts are 
filled by cells larger than normal but generally of uni- 
form size. The eosinophilic, opaque cytoplasm of the 
neoplastic cells is frequently vacuolated, surrounding a 
nucleus which exhibits rare mitotic activity. The evolu- 
tion of lobular carcinoma sometimes can be clearly dem- 
onstrated by areas in which there is incomplete oblitera- 
tion of the lobule by the proliferating cells. The transition 
from lobular carcinoma in situ to invasive cancer is gen- 
erally represented by the peculiar tendency of the invad- 
ing cells to be arranged in linear formations which have 
been described as “Indian files” (Figs. 2 and 3).* 

Patients with a confirmed diagnosis of lobular carci- 
noma who were still living were recalled for biopsy of 
the second breast. This request was not made of those 
who had developed recurrence of the first cancer or who 
had already developed and been treated for a second 
mammary cancer. In addition, new patients who had 
lobular carcinomas had biopsies of the opposite breast 
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cither simultaneously with the initial treatment or shortly 
thereafter. 

Prior to biopsy the breast was carefully examined by 
inspection and palpation and in some cases a modified 
single view mammogram was obtained, A cosmetic para- 
areolar incision was used and with some undermining, 
a sample of mammary parenchyma was removed from 
any suspicious area. If no suspicious areas had been 
identified, samples were taken electively from the upper 
outer quadrant as well as from the quadrant which cor- 
responded to the location of the cancer in the first breast, 
two areas frequently involved by second cancers. Elec- 
tive biopsy seems a more proper term than “blind” or 
“random” since the procedure was not performed blindly 
and a deliberate choice of site was made. Only a modest 
amount of tissue was removed, and the incision was 
closed cosmetically, usually without drains and with no 
effort to close the deep tissues. This technic provided 
adequate exposure and produced a practically invisible 
scar. Frozen sections were requested only if the tissues 
were grossly suspicious of cancer; otherwise permanent 


sections were awaited. 


Fic. 1, Lobular carcinoma in situ: Notice the filling of the ducts of the lobules by generally uniform cells with foamy cyto- 


plasm. (H & E x 250) 
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Fic. 2, Invasive lobular carcinoma with remnants cf lobular carcinoma in situ. 


Results 


General 


Lobular carcinoma was not diagnosed prior to 1960 
at this institution, but since that date it was discovered 
in 36 or 2.7% of the 1210 new patients who had malig- 
nancies of the breast. The 36 cases are summarized in 
Table 1. Most were recognized recently in response to 
increased diagnostic efforts, often involving the prepara- 
tion of numerous histologic slides from biopsy and mas- 
tectomy specimens. With such thorough examination of 
specimens 19 or 24.7% of the 77 patients who had mas- 
tectomies at this hospital for malignancies between Feb- 
ruary 1969 and January 1971 were found to have lobular 
carcinoma in the breast alone or in combination with 
other forms of cancer. 

All patients were women. The mean age at diagnosis 
was 49.4 years, approximately 12 years younger than the 
mean age of all patients with invasive carcinoma of the 
breast seen at this institution, and the ages ranged from 
29 to 77 years. Nine patients with in situ lobular cancer 
as the only malignant change in the breast averaged 45 
years of age, 4 years younger than the average age of 


the 24 patients in whom breasts also contained invasive 
cancer. 


Presenting Signs and Symptoms in the First Breast 

In this series as in others LIS was discovered inci- 
dentally in association with other histologic changes. All 
patients had either coexistent invasive cancers which ac- 
counted for their clinical signs or overt findings consistent 
with cvstic disease. 

In nine cases LIS was the only malignant lesion found 
within the breast. Six of these women had nontender 
masses and one had a tender mass, all of which were due 
to single or multiple benign cysts. The eighth patient 
presented with bloody nipple discharge without a mass 
and was found to have extensive intraductal papilloma- 
tosis. The remaining patient had no signs or symptoms, 
and the diagnosis was made on incidental biopsy. 

Of the nine patients with invasive lobular carcinoma, 
seven had masses, one of which was painful and another 
of which was associated with skin ulceration. One had 
a brown nipple discharge without a mass. All masses 
were apparently due to the invasive lobular carcinoma. 
The patient with nipple discharge had extensive papil- 
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Fic. 3. High power field showing invading cells in linear arrangements. 


lomatosis within the mammary ducts which accounted 


(S for the discharge. The remaining patient had the pre- 


senting lesion, apparently a mass, removed elsewhere for 
diagnosis. 

In the remaining 19 patients intraductal or invasive 
adenocarcinoma or both coexisted with LIS, and pre- 
senting signs included nontender masses (15 cases ), pain- 
ful masses (3 cases) and nipple discharge associated 
with a mass (1 case). 


Associated Lesions in the First Breast 


As shown in Table 2 invasive cancer was present with 
LIS in 24 patients. In nine of these patients invasion 
from lobules was definitely identified. In seven of the 24, 
in situ ductal carcinoma was an added histologic finding. 
This also occurred alone in association with LIS in three 
patients, i.e. in 27.8% of the total series. Sclerosing ade- 
nosis, lobular hyperplasia, papillomatosis or apocrine 
metaplasia were present alone or in combination in the 
breasts of 26 or 72.2% of the patients. 

The axillary lymph nodes contained metastases in 14 
(58.34) of the 24 patients with invasive cancer, a fre- 
quency not significantly different from the metastatic 
rate (56.6%) associated with 1,203 invasive carcinomas 


of the breast treated with radical mastectomy at the 
EFSCH-CRC from 1940-1965. Thus, the invasive cancer 
which originated from or occurred in conjunction with 
LIS appeared to be as prone to disseminate as the aver- 
age invasive breast cancer. 


The Opposite Breast 

The histologic status of the opposite breast was al 
ready known in some instances, since three patients pre 
viously had mastectomies for invasive carcinoma. In eigh 
other instances it was not feasible to obtain tissues from 
the second breast after initial treatment. Three patient: 
died of metastases from the original cancer, and fiw 
more developed widespread recurrence so that a biops 
of the remaining breast would have been academic a 
best. Three additional patients developed signs of dis 
ease in the second breast, and biopsies were performec 
for clinical indications which included masses and nip 
ple discharge. Of the remaining patients an elective bi 
opsy was performed in 20, and in the majority it wa 
performed simultaneously with or followed closely th. 
initial treatment. Two remaining patients still withou 
biopsy are asymptomatic. 

The incidence of bilateral cancer among the total 3 
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First Breast 





Second Breast 





Interval 


Condition at 








Last Follow-up 








Treat- Until Bx Treat- Recurrence Living Mo. from 
Case # Pt. Sex Age Diagnosis ment (Mo) Clinical Signs Bx Resu ts ment Final Dx of Cancer or Dead 1st Dx 

1 WS F 29 LIS, DIS RM No Bx 0 No Bx 0 0 0 L 124 
2 BD F 19 LIS, IL, TIC RM 13 Masses CoD 0 CCD Bone L 51 
3 LD F 15 LIS, IC RM No Bx 0 0 0 0 Generalized D 34 
4 M F 64 LIS SM No Bx No Breast 0 SM Prev. Ca. 0 L 36 
5 AR F 38 LIS MM Simult. 0 CCD 0 CCD 0 L 25 
6 SS F 46 LIS MSM 12 0 LIS TM LIS 0 L 8 
7 IM F 52 IL RM 23 0 CCD 0 CCD 0 L 32 
8 PC F 36 LIS. IL, DIS RM No Bx 0 0 0 0 Bone D 6 
9 EA F 48 LIS, IC EM No Bx No Breast 0 RM Prev. Ca. Liver D 24 
10 CW F 45 EIS, TIL 0 No Bx 0 0 0 0 Persistent L 32 
11 EH F 12 LIS, IC RM 11 0 CCD 0 CCD 0 L 11 
12 MR F 30 LIS TM No Bx No Breast 0 RM Prev. Ca, 0 L Vf 
13 EL F 53 LIS, IL RM No Bx 0 0 0 0 Local D 11 
14 MJ F 15 LIS, IC RM 7 0 CCD 0 cep 0 L 10 
15 NL F 47 LIS, IC; DIS RM No Bx 0 0 0 0 Persistent D 2 
16 BC F 29 LIS, IC, DIS RM No Bx 0 0 0 0 Bone L 14 
17 EK F 46 LIS, IC, DIS RM No Bx 0 0 0 0 0 L 52 
18 DK F 74 LIS, DIS RM 26 0 DIS RM LIS.: DIS, IC 0 L 27 
19 DH F 44 LIS. IC RM 25 0 CCD 0 ECD 0 L 25 
20 LM E 60 LIS. IC, DIS RM 13 0 DIS TM DIS 0 L 20 
21 GH F 59 LIS TM 3 0 LIS TM LIS 0 L 7 
22 BH F 50 LIS, IC RM 8 0 CCD 0 CCD 0 L 8 
23 AMS F 52 LIS, IC RM 4 0 CCO 0 CCD 0 L 8 
24 AS F 54 LIS, DIS TM Simult. 0 CCD TM CCD 0 L 3 
25 DB F 63 LIS, IC, DIS TM Simult. 0 IC, LIS, DIS RM IC, LIS, DIS 0 L 6 
26 cJ F 71 LIS, IL RM 6 0 Atrophy 0 0 0 L 8 
27 CJW F 46 LIS TM Simult. 0 ECD 0 0 0 L 5 
28 FH F 52 LIS, IL, IC RM 3 Sm. masses LIS TM IC(3/17 --LN) 0 L 5 
29 PM F 71 LIS, DIS, IC RM Simult. 0 IC RM IC 0 L 2 
30 VB F 75 LIS, IL, IC RM 6 0 Benign 0 Benign 0 js 4 
31 MD F 46 LIS TM Simult. 0 LIS TM LIS 0 L 3 
32 HG F 30 LIS, IC RM No Bx 0 0 0 0 Bone L 17 
33 FD F 36 LIS TM Simult. 0 CED 0 0 0 L 1 
34 EA F 38 LIS TM Simult. Tender mass CCD 0 0 0 L 1 
35 LC F 43 IL, IC RM No Bx 0 0 0 0 Local i, 113 
36 RG F 63 LIS, IC RM 3 0 CCD 0 0 0 L 1 





LIS = Lobular carcinoma in situ 
DIS = Ductal carcinoma in situ 
IC = Invasive carcinoma 
IL = Invasive lobular carcinoma 


CCD = Chronic cystic disease (various combinations of papillomatosis, sclerosing adenosis, cysts, and lobular hyperplasia) 


RM = Radical mastectomy 
SM = Simple mastectomy 
MM = Modified mastectomy 
EM Extended mastectomy 
TM = Total mastectomy 
MSM = Modified simple mastectomy 





patients is shown in Table 2. To date 11 or 30.5% have 
been found to have either invasive or in situ carcinoma 
in both breasts. Considering only patients in whom there 
has been an opportunity to examine tissue from both 
breasts, the rate of bilaterality is 42.3%, 


Elective Biopsy 

After the original diagnosis of lobular carcinoma biop- 
sies were performed upon the opposite breast in 23 pa- 
tients, 63.9% of the total. In three there were clinical signs 
for which a biopsy was indicated, but in the remaining 
20 there were no suspicious findings in the second breast 
on clinical examination and the biopsy was entirely an 
elective procedure. The results of the biopsies are shown 
in Table 3. 

Eight of the 23 biopsies of the opposite breast were 


positive tor either in situ carcinoma (six cases) or in- 
vasive acenocarcinoma (two cases), a positive rate of 
34.87. Seven of the positive specimens were found in 
elective biopsies. Therefore, clinically normal breasts 
contained cancers in 35% (7/20) of cases. 

After removal of the eight breasts from which biopsies 
had been positive, it was discovered that two of the six 
with only intraductal carcinoma on biopsy actually har- 
bored invasive carcinomas. Thus, four (17.4%) of the 
23 patients had invasive cancers (15% of the 20 who had 
elective biopsies), and four (17.4%) had carcinomas in 
situ. The four invasive cancers measured 0.2 to 1.0 cm. 
in diameter, and one of the four measuring only 0.7 mm. 
in diameter had produced metastases to three of 17 low 
axillary lymph nodes. Six of the 23 cases (26.1%) had 
lobular carcinoma in both breasts. 
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TABLE 2. Status of the Opposite Breast in 36 Cases of Lobular Carcinoma—EFSCH 1960-1971 
Previous 
Ca. of First Breast Tot. $- # Bx'd No Ca. Invasive Ca. Ca. In-situ Breast Ca. 
Invasive lobular Ca. 8 5 4 1 
Lobular Ca. in situ 9 7 4 3 2 
Lobular Ca. in situ -+ invasive Ca. 9 6 6 1 
Lobular + ductal Ca. im situ + 
invasive Ca. 7 3 2 1 
Lobular + ductal Ca. in situ 3 2 1 1 
Total 36 23 4 4 3 





The lesion in the first breast frequently portended the 
nature of the findings in the second. When LIS existed 
alone in the first breast, elective biopsies of the second 
were positive in three of seven cases (42%), all of which 
were LIS. If LIS was combined with invasive carcinoma 
in the first breast, the second breast contained cancer in 
four of 13 cases (31%}, and three of the four cancers 
were invasive. 


Results of Elective Biopsy Versus Delay 


Elective biopsy of the second breast was performed 
when possible during the anesthesia employed for treat- 
ment of cancer in the first breast. Some patients were 
identified as having lobular carcinomas only after retro- 
spective review of mastectomy specimens, and therefore 
a considerable interval elapsed between treatment of the 
first cancer and the biopsy of the remaining breast. In 
Table 4 the interval between initial treatment and elec- 
tive biopsy is correlated with the histologic findings in 
the second breast. When performed without delay three 


- of seven patients. (42.8%) were found to have subclinical 


cancer in the second breast. After an interval of 24 months 
or less 27.3% of 11 patients had occult cancers, and after 
2 years an occult cancer was found in one of two breasts 
biopsied. Thus, breasts which remained clinically. nor- 
mal even after prolonged intervals nevertheless continued 
to harbor a significant number of subclinical cancers. 


Single View Mammography 


Mammograms were performed at various intervals 
prior to biopsies of the second breast in 11 cases utiliz- 
ing a single view technic with the patient prone and the 
breast freely dependent (300 ma, 3.5 sec at 36 inches). 
The examination was of little assistance in this small 
series (Table 5). None were read as positive either pro- 
spectively or retrospectively, although on retrospective 
examination two were considered suspicious, Five of the 
breasts examined were found to contain cancers on bi- 
opsy. There was a 50% false negative rate when the ex- 
amination was performed within 1 week of the biopsy. 
Calcium found in the tissues histologically in one patient 
was not evident roentgenologically. No standard mam- 


mographic examinations were available in these instance: 
with which to compare the results. 


Discussion 


Our experience to date confirms that women with lob 
ular carcinoma have a high incidence of bilateral mam 
mary cancer and indicates that they are a productive 
group in which to employ elective biopsy. Patient ac 
ceptance of elective biopsy has been good, and the pro 
cedure as performed was not deforming. 

Our patients usually had combinations of pathologi 
conditions in the breast which included LIS as the com 
mon factor, but the experience of others with elective 
biopsy when LIS existed alone has been similar. New 
man ?* found simultaneous involvement of the oppositi 
breast in 252 of 16 patients with LIS, and among 13 pa 
tients with LIS treated by Benfield et al? two of fiv 
(402) who had random biopsies (one simple mastec 
tomy) were found to have LIS in the second breast 
Urban 37 found bilateral simultaneous cancers, one o 
which was infiltrating, in 38% of 26 patients with LIS 
and Lewison ?5 reported bilaterality in 47% of 15 patient 
with LIS in whom the opposite breast was biopsied a 
various intervals after the first diagnosis. These discover 
rates for occult cancers and ours (35%) are somewha 
higher than the 25% cumulative incidence of cliricalh 
manifest contralateral cancérs found over 20 years o 
follow-up by McDivitt et al.?* in 47 patients witk LIS 
but they are comparable with these authors’ projectec 
incidence of 41% at 22 years. This close correspondenc: 
suggests that the pathologic prologue of future clinicalh 


TABLE 3. Biopsy of the Opposite Breast in 23 Cases of Lobula 


Carcinoma—EFSCH 1960-1971 











Total Invasive Non-Invasiv 

Indication for Biopsy No. Benign Ca. Ca. 
Biopsy for clinical 

signs 3 2 1 
Elective biopsy 20 13 2(10.095)  5(25%) 

Total biopsied 23 15 — 2(8.795)  6(26.1%) 
Subsequent 

mastectomy 8 417.4%) 417.4%) 

Total (34.8%) 
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TABLE 4. Results of Elective Biopsies of the Second Breast Versus 
Interval After Treatment of First Cancer in 20 Patients With 
Breasts Containing Lobular Carcinoma—EFSCH 1969-1971 








Total Negative - Positive 
Interval No. for Ca. for Ca. % Positive 
Simultaneous 7 4 3 42.8 
24 mo. or less 11 8 3 27.3 
Greater than 24 mo. 2 1 i 50.0 
Total 20 13 7 35.0 


recognizable invasive malignancies is present with high 
frequency in the second breast at the time the first is 
treated and with diligence can be detected early. To the 
extent that the occult cancers found on elective biopsy 
are those destined to become clinical problems, the mor- 
bidity from second cancers presumably can be reduced. 

Ordinarily from 1.0% to 12.0% of all mastectomy pa- 
tients evolve clinically recognizable cancers in the re- 
tained breast, and even when discovered in operable 
stages they take an additional toll of life.? Robbins and 
Berg *° estimated that the second cancer halved a pa- 
tient’s life expectancy. In a recent review of 15 consecu- 
tive patients with bilateral mastectomies for asynchro- 
nous primaries at EFSCH-CRC, failure of treatment was 
manifest in three instances (20%) by recurrence on the 
side of the second cancer. In an additional three patients 
dissemination occurred without localization on the chest 
wall and may have been from either the first or second 
tumor. This limited experience gives the impression that 
from 20% to possibly 40% of patients were victims of sec- 
ond cancers. 

In 1951 Pack ?? proposed routine prophylactic contra- 
lateral simple mastectomy to obviate the problem of sec- 
ond primaries and estimated that the practice would 
improve the overall survival rate by 7.5%. Hubbard !* 
subsequently reported finding two cancers in 16 contra- 
lateral breasts removed prophylactically from predomi- 
nantly young patients, three of whom had close relatives 
with breast cancer, and Leis,? who has practiced pro- 
phylactic mastectomy in selected high risk cases, discov- 
ered subclinical cancers in eleven (15.5%) of 71 speci- 
mens, five of which were invasive. Despite the evidence 
that prophylactic mastectomy benefits some patients, it 


TABLE 5. Results of Single View Mammography Prior to Elective 
Biopsy of the Clinically Normal Second Breast of 11 Patients 
with Previous Diagnosts of Lobular Carcinoma 





Interval 





Between False 
Mammogram Reading of No.of Biopsy Results Nega- 
and Bx. Mammogram Patients Ca. No.Ca.  tives 

« 1 week Suspicious 2 1 1 
Normal 6 3 3 50% 

4 to 24 mo. Suspicious 0 0 0 
Norma: 3 1 2 33% 
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has not found wide acceptance. Pressures for preserva- 
tion of a culturally valued organ are allied with the gen- 
eral impression that routine harvest of breasts even. 
among high risk patients is a task out of proportion to 
the expected benefits.!?5*?* Consequently, efforts to pro- 


| tect the mastectomy patient have been concentrated upon 


early detection rather than prophylaxis. 

Conscientious attention to self examination by the pa- 
tient and. periodic examination of the remaining breast 
by a physician is advisable as a basic program of fol- 
low-up, Eut without augmentation it has proved of lim- 
ited success tor early detection of second primaries. Dis- 
appointment with this regimen has been noted in a 
number cf reports.*22*? In the EFSCH-CRC clinic sec- 
ond primary lesions in the breast detected by periodic 
careful fcllow-up physical examinations of mastectomy 
patients have averaged 1.0 cm. smaller in diameter than ` 
the first cancers and have been somewhat more often 
clinically localized, but there has been no reduction in 
the rate o7 axillary metastasis." 

Mammography has been employed in follow-up with 
variable success. Performing mammograms at six monthly 
intervals Byrne et al.* found six carcinomas in a period 
of up to 54 months in 102 patients who had previous 
mastectomies for cancer. Only one of the six cancers had 
reached a palpable stage, and one had produced axillary 
metastases. Missakian et al.” followed 397 patients after 
mastectomy with one or more mammographic examina- 
tions as a supplement to physical examination and found 
25 early carcinomas. Examinations were performed every 
six to 18 months. Ten of the 25 cancers were occult, and 
only one cf these had produced metastases. The average 
size of the second cancers was 0.5 cms. less than that of 
the first ones, and the metastatic rate was reduced from 
44% to 324. By contrast Stephens and Weigen?? found 
13 cancers in 210 mastectomy patients followed for more 
than 5 years with mammograms, only three of which 
were reccgnized solely by roentgenography. Metastases 
to the axila had already occurred in two of the three 
occult cancers. 

The roeatgenologic detection of lobular carcinoma ín 
situ specifizally is aided by the presence of characteristic 
stippled calcifications which occur in the lesion but more 
often in adjacent tissues in about 20% to 30% of cases.11-?? 
However, less than half of patients with LIS have posi- 
tive mammograms, and since similar calcifications can 
occur in nonmalignant conditions such as sclerosing ade- 
nosis and intraductal epithelial hyperplasia, only one of 
four or five breasts with them contain cancer.!® A non- 
standard single view technic of mammography in a lim- 
ited number of cases in our series proved of no assistance. 

The mest extensive experience with elective biopsy 
has been that of Urban.*®87 Its supplemental role as a 
diagnostic technic is illustrated by his report in which 
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mammograms prior to operation failed to show x-ray 
signs of cancer in either breast in 42.9% of 21 patients 
who proved to have bilateral cancers on biopsy. Since 
1964 he has biopsied 73% of available opposite breasts at 
the time of initial mastectomy and 96 or 142 were found 
to contain cancers. When no suspicious areas were evi- 
dent on physical examination or mammograms, a gen- 
erous biopsy was performed of the upper outer quadrant 
of the breast as well as of the quadrant corresponding to 
the mirror image of the first cancer, removing approxi- 
mately 20% of the parenchyma. Using this technic 9% of 
110 ostensibly normal breasts were found to contain oc- 
cult cancers. 

Compared with this 9% rate from mastectomy patients 
in general, the 35% positive rate from elective biopsy of 
our patients with LIS under similar conditions and with 

- a more modest removal of tissue serves to illustrate their 
high risk status and their particular suitability for the 
procedure. 

Attention to the distribution of LIS in the breast can 
perhaps further improve the detection of this lesion in 
elective biopsies. Lambird and Shelley ?? demonstrated 
by reconstructions of nine breasts removed for LIS that 
the lesion was concentrated beneath the periphery of the 
areola predominantly in the upper quadrants and usually 
within 5 cms. of the nipple. In addition, involvement 
tended to follow radial sectors of the breast. They calcu- 
lated that an arc of breast tissue taken 3 to 4 cm. from 
the nipple measuring 3 cm. deep and 1 cm. wide would 
sample the upper quadrant duct system and would de- 
tect LIS if it were present with 90% reliability. A para- 

_areolar incision as was used in our patients, therefore, 
appears to be desirable not only from the standpoint of 
providing easy access to suspect tissues but also from 
the cosmetic standpoint, perhaps an important consid- 
eration for patient acceptance of this procedure. 

In reviewing the literature one finds that LIS of the 
breast has been treated with surgical extremes from local 
excision to radical mastectomy.? Although most follow- 
ups are short, removal of the breast appears to be cura- 
tive in virtually 100% of cases. Radical mastectomy for 
the in situ lesion is generally considered supererogatory, 
and most authors have recommended simple mastec- 
tomy.21233* Farrow 8 advised simple mastectomy with 
a partial axillary dissection to eliminate the possibility 
of leaving regional nodal metastases from undetected in- 
filtration. Haagensen !? was not convinced that immedi- 

_, ate treatment beyond local excision and careful follow-up 
was necessary, pointing out that not all instances pro- 
gress to invasive cancer, the evolution to invasion often 
takes many years and perfect prophylaxis would require 
removal of both breasts. 

Biopsy and local excision often fail to remove LIS en- 
tirely (76% of 25 breasts in our series contained residual 
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foci of lobular carcinoma after it had been identified 
in biopsy specimens), and therefore little prophylaxis 
against progress of the lesion is provided by limited 
procedures. 

With respect to the proper choice of operation for lob- 
ular carcinoma in situ, it is not the authors’ intention 
lightly to recommend yet another procedure to swell the 
ranks of those already endorsed, but two considerations 
have influenced our selection of therapy when LIS, or 
ductal carcinoma in situ, constitutes the major finding in 
biopsy material. The first is that biopsies are not always 
representative of the entire spectrum of malignant change 
within the breast. Invasion can be present when none is 
identified, and even small invasive primaries can metas- 
tasize to the regional lymphatics. In two of our six cases 
in which biopsies of the second breast showed only car- 
cinoma in situ, invasive cancers were found in the mas- 
tectomy specimens, one of the two, measuring only 0.7 
cm. in diameter, had metastasized to the axilla. Ozzello 
and Sanpitak?* found no identifiable invasion of intra- 
ductal carcinoma in serial sections of mastectomy speci- 
mens from 22 patients although two of the patients had 
metastases in axillary lymph nodes and a third developed 
disseminated disease. For these reasons it is advisable to 
remove at least the low axillary lymph nodes, a measure 
which can provide the evidence on pathologic examina- 
tion for the existence of an otherwise occult metastatic 
cancer and allow further treatment to be initiated if it 
is deemed necessary. This measure is particularly per- 
tinent when the first breast contains an invasive cancer. 
Biopsy evidence notwithstanding, when the first cancer 
is invasive, the second cancer is likely to be so. 

Secondly, because carcinoma in situ is often multifocal 
and breast tissue itself has a latent malignant potential, 
it seems advisable to perform a thorough removal of the 
gland. Residual parenchyma after removal of the pro- 
tuberant breast is of no value to the patient, and as a 
focus for the development of future cancer can with 
some justification be compared with the retained cervix 
after subtotal hysterectomy. As usually performed, sim- 
ple mastectomy does not remove all mammary tissue. 

For these reasons our treatment of choice for patients 
who apparently have either LIS or in situ ductal carci- 
noma has been “total mastectomy” as described by Hol- 
leb and Farrow;!5 and this operation was employed in 11 
of the 14 such occurrences in our series. The objective of 
total mastectomy is complete removal of all mammary 
parenchyma, a task which also necessitates dissection of 
the low axilla. Hicken’s 14 studies of the mammary ducts 
in 385 breasts demonstrated that ducts ascend into the 
axilla in 95% of cases, pass downward into the epigastric 
area in 15%, reach beyond the latissimus dorsi muscle in 
2% and occasionally cross the midsternal line (two cases). 
The mammary ducts frequently come into intimate con- 
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tact with the overlying skin. A dissection of wide extent 
is, therefore, necessary to insure complete removal of the 
gland. Thin skin flaps are required with development to 
the clavicle, the costal margin, the sternum and to the 
latissimus dorsi muscle. The fascia over the pectoralis 
major muscle is removed as are the low axillary contents 
in order to insure removal of the mammary tail of Spence 
and the low axillary nodes. The skin incision, a transverse 
one, need only encompass the areola and any biopsy 
scars, and since the sacrifice of skin is small, primary 
closure is possible. The important difference between 
this operation and simple mastectomy with low axillary 
dissection is the emphasis upon thoroughness. 

The invasive form of lobular carcinoma is among the 
more aggressive of cancers, and although radical mas- 
tectomy has generally been employed, the results are not 
good. Since LIS is so readily curable the time for treat- 
ment would appear to be before invasion occurs. Mc- 
Divitt et al.?* reported that radical mastectomy for in- 
vasive lobular carcinoma in a series of 125 patients was 
followed by a 10-year survival of 42% and a 25-year sur- 
vival of 34%. Five of the nine patients with invasive le- 
sions at EFSCH-CRC have uncontrolled disease. Eight 
were treated with radical mastectomy, while the ninth 
had painful boney metastases as the first symptom and 
no mastectomy was performed. Although the cumulative 
5-year survival of the nine is 78%, the disease free sur- 
vival is only 33.4%. 

The follow-up of cases in the EFSCH-CRC series is 
too short to evaluate the ultimate results of elective bi- 
opsy as a diagnostic aid. At present no recurrences have 
appeared in the patients treated for the subclinical can- 
cers found in the second breast, and none with negative 
biopsies have developed second cancers. The success of 
this effort as a worthy addition to diagnostic capability 
will need to be reflected in a diminished incidence of 
clinically significant second primaries and in the attend- 
ant mortality. The impression at present, however, is that 
in the interests of early detection a more diligent search 
of biopsy and mastectomy specimens should be made to 
identify lobular carcinoma and that elective biopsy of 
the second breast in patients with known lobular carci- 
noma in one breast should be practiced more generally. 


Conclusion 


In a series of 36 patients with lobular carcinoma of 
the breast 30.6% were found to have carcinoma bilater- 
ally. Elective biopsy of clinically normal contralateral 
breasts at various intervals after treatment for the orig- 
inal cancer in 20 cases revealed either invasive or in situ 
carcinoma in 34.8%. 

Patients with lobular carcinoma of the breast consti- 
tute a high risk group for development of second mam- 
mary cancers, and elective biopsy of the remaining breast 
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is an aid to early diagnosis and potentially to an improved 
prognosis. 
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Immunospecific Regression of Methylcholanthrene 
Fibrosarcoma Using Neuraminidase: 


IIl. Synergistic Effect of BCG and Neuraminidase Treated Tumor Cells 


NUMBER OF METHODS are available for inducing tu- 
A mor specific transplantation immunity against syn- 
geneic tumors either prior to inoculation of tumors or 
before the tumors have grown to discernible size. These 
methods include the injection of (a) subthreshold doses 
of living tumor cells, (b) irradiated cells, (c) intrader- 
mal tumor cells, (d) cell free extracts of tumor cells, (e) 
or the early excision of the growing tumor. Only two 
immunologic technics, however, have been successful in 
inducing the regression of firmly established growing 
solid tumors in syngeneic hosts: (a) the intralesional in- 
jection of living BCG organisms °° and (b) the inocu- 
lation of living tumor cells treated in vitro with Vibrio 
cholerae neuraminidase (VCN).??1 In the latter experi- 
ments the total regression of firmly established methyl- 
cholanthrene fibrosarcomas was induced in syngeneic 
C3H/He]J mice by inoculation of living tumor cells which 
had been treated with VCN. Regression could not be 
induced with cells treated with heat-inactivated VCN, 
or cells incubated with VCN in an excess of competitive 
feedback inhibitor of the enzyme (sialic acid). The re- 
gression induced by VCN treated tumor cells was im- 
munospecific and could be induced only with VCN 
treated cells identical in type with the growing tu- 
mor.2»?! These results combined with other evidence ? 
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18.22 strongly suggested that the result was due to an in- 
creased immunogenicity of the VCN treated tumor cells. 

The present experiments were designed to determine 
the combined effect on firmly established tumors of both 
BCG and living VCN treated tumor cells. The basic ex- 
perimental design involved inoculating adult female 
C3H/HeJ mice with a predetermined number of un- 
treated syngeneic tumor cells. When the tumor had be- 
come firmly established, injections of BCG and/or tumor 
cells which had been incubated with VCN were given. 
The effect of these secondary challenges on the growth 
of the established tumor was then determined. 


Materials and Methods 


Mice: C3H/He] adult female mice age 8 to 16 weeks 
were obtained from the Jackson Laboratory, Bar Harbor, 
Maine, The animals were housed in covered plastic cages, 
10 or less per cage and provided with tap water and a 
standard laboratory diet (Purina Chow Checkers) ad 
libitum. 

Tumors: Two methylcholanthrene fibrosarcomas ( MC- 
49, MC-43) were induced by the intramuscular injection 
of 0.5 mg. 3-methylcholanthrene (MCA) dissolved in 
0.1% trioctinoin into the hind legs of C8H/He] female 
mice. The immunogenic characteristics of this tumor 
have been thoroughly reported by Haywood and Mc- 
Khann.5 The tumors have been serially transplanted in 
syngeneic female mice without any evidence of antigen 
modification or deletion. In unimmunized C3H/HeJ fe- 
male mice an inoculum of 120 MC-42 cells or 1280 MC- 
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43 cells will kill 50% of the recipients. Spontaneous re- 
gression does not occur. The tumors are specific for the 
strain in which they arose and will not grow in mice of 


* different H-2 histocompatibility types. Haywood and 


McKhann? have demonstrated that these tumors are 
weakly immunogenic, i.e. inoculation of the tumor fol- 
lowed by amputation leads to tumor specific resistance 
against subsequent inoculation. The MC-42 tumor, how- 
ever, does not immunize against MC-43 or vice versa. 
Sterile tumor cells for inoculation were prepared from 
tumors (1.0-1.4 cm. diameter) growing in C3H/He] fe- 
male mice 3 to 4 weeks following inoculation. Cells were 
pressed through stainless steel screens in medium 199 
(M199) (Grand Island, New York) without addition of 
trypsin. Cell clumps were then allowed to settle and the 
supernatant single cells in suspension were washed three 


~~ times in M199 and counted in hemocytometers. Viability 


was determined by trypan blue exclusion? prior to in- 
jection into the subcutaneous tissue of the lateral pos- 
terior flank of recipient C3H/He] female mice. The mice 
were inspected daily to determine the day of the initial 
appearance of a palpable tumor. The largest diameter 
of the growing tumor was measured by calipers three 
times weekly and the day of death also recorded. 
Neuraminidase: Vibrio cholerae neuraminidase (VCN) 
obtained from General Biochemicals, Chagrin Falls, Ohio, 
contains 500 units of enzyme/ml (One unit of activity 
is equivalent to the release of 1 yg of N-acetyl neura- 
minic acid from a glycoprotein substrate at 37° C in 15 
minutes at pH 5.5). VCN is inactivated by heating to 
65° C for 30 minutes or 100° C for 10 minutes. Sialic 
, acid is released from cell surfaces of normal and malig- 


> nant cells by VCN without affecting cell viability.3+14 


16,27 VON releases about 250 nanomoles of sialic acid 
from 10° MC-42 tumor cells used in these experiments 
(Ray, P. K., unpublished observations). Tumor cells in 
M199 were incubated for 1 hour at 37° C with 25 units 
VCN/ml./10° cells, with heat-inactivated VCN, or with 
M199. Viability was corifirmed? and the cells were 
washed three times prior to injection as a challenging 
inoculum into tumor bearing hosts. 

Mytomycin-C: Mytomycin-C was dbiaided from Sigma 
, Chemical Company, St. Louis, Mo., and incubated with 
tumor cells in a concentration of 25 ug/rnl./109 cells in 
the same incubation mixture with VCN or heat-inacti- 
vated VCN. We have previously demonstrated that the 
mitomycin-C has no adverse effect on the efficacy of 
, VON treated cells to induce immunospecific regression 
-— of firmly established methylcholanthrene fibrosarcomas 
in C3H/HeJ mice.” Mitomycin-C treatment of MC-42 
or MC-43 tumor cells does not increase the uptake of 
trypan blue by such tumor cell suspensions, but effec- 
tively prevents the growth of palpable tumors from the 
treated cells.2¢ 
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BCG: Mijcobacterium bovis strain BCG was obtained 
from Research Foundation, Chicago, Illinois. The vac- 
cine was composed of viable organisms without prés- 
ervatives, It was provided in ampules of 15 mg, of dry 
powder which is then diluted in 1.5 ml. of sterile water 
and injected in a volume of 0.1 ml. containing l mg. 
BCG subcutaneously in the mice. 

Experimental Protocol: The basic experimental design 
was to inoculate adult female C3H/HeJ mice with 
20,000 viable tumor cells subcutaneously into the lateral 
posterior flank. The tumors usually reached palpable size 
by day 8 and measuréd 0.5-1.0 cm. by day 15 when 
challenges with BCG plus VCN treated cells were 
started. One mg. BCG (0.1 ml.) was either mixed with 
the tumor cells (1:1), or injected alone into the tumor 
nodule itself, or at another site. Tumor cells were éither 
mixed with BCG or injected alone at sites distant from 
the growing tumor. The effect of the BCG and/or VCN 
treated tumor cells on the growth of the firmly estab- 
lished MCA tumors was then deterniined. 


Results 


Comparative Effect of BCG and/or VCN Treated 
MC-42 Cells on the Growth of Established MC-42 Tu- 
mors in Syngeneic C3H/He] Hosts: 20,000 MC-42 tumor 
cells were injected s.c. in the left flank of recipient 
C3H/HeJ mice. Fifteen days thereafter when the tumor 
nodules measured 0.5-1.0 cm. diameter, recipient mice 
were injected with 1 mg. BCG and/or 105 living MC-42 
tumor cells which had been incubated either with VCN 
(plus mitomycin} or heat-inactivated VCN (plus mito- 
mycin). The results are summarized in Table 1. MC-42 
cells in untreated animals uniformly developed into 
tumors which killed recipient mice by 70 days. The 
injection of BCG s.c. in the opposite side 15 days after 
the primary tumor inoculum slowed the growth of the 
tumor slightly. The injection of 105 tumor cells exposed 
to heat-inactivated VCN had no effect on the progres- 
sive fatal growth of the tumor. In contrast injection of 
10° VCN treated cells markedly slowed the growth of 
the tumor and produced total regression of 2/17 firmly 
established solid MC-42 tumors. Animals whose tumors 
totally disappeared survived indefinitely; life was slightly 
prolonged in those animals whose tumors did not totally 
disappear. . 

The simultaneous injection of BCG and tumor cells 
into separate sites distant from the primary growing 
tumor was then assessed (Table 1 Experiments 5-10). 
The simultaneous injection into separate sites of 1 mg. 
BCG and 10° MC-42 cells which had been exposed to 
heat-inactivated VCN had no more effect on the growth 
of the tumor than did BCG alone. The simultanéous 
injection of BCG and MC-42 tumor cells which had 
been exposed to VCN led to the total regression of 16/56 
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TABLE 1. Combined Effect of a Single Challenge with Neuraminidase Treated Celis Plus BCG on the Regression of MC-42 Tumors in C3H/HeJ 
Mice 
Treatment of cellular 
challenge* BCG challenge? 

Fraction 1° Mean Tumor Mean Day 

Experiment Inactivated Tumors Diameter D.40 Death 
Number VCN VCN Separate Challenge Intratumor ^ Regressing (cm + SE) (+ SE) 
i No Challenge — — — 0/18 2.45 + 0.09 56.2 + 1.5 

2 — — + — — 0/21 1.83 + 0.14 54.7 + 2.2 

3 — T = — — 0718 2.33 + 0.09 55.6 + 1.4 

4 + — — — — 2/17 1.11 + 0.13 65.6 + 2.4 

5 — T + m = 0/22 2.15 + 0.09 52.4 + 1.8 
6 + — 4 — = 7/21 0.97 + 0.13 68.2 + 2.4 

7 = + — + — 0/22 1.93 + 0.07 54.7 x 1.7 

8 + — — -+ — 8/21 0.89 + 0.12 69.5 + 3.2 

9 — + — — T 0/14 2.23 + 0.17 63.8 + 1.8 

10 T = — — + 1/14 0.98 + 0.15 68.5 + 3.4 





* Challenging inocula consisted of a single injection of 106 MC-42 cells which had been incubated with 25 U/ml./105 cells of VCN or heat 
inactivated VCN (plus mitomycin C). The challenge was given at a site distant from the tumor 15 days after tumor inoculation. 
> BCG treatment consisted of i mg. BCG injected at a site separate from the cell challenge, with the cellular challenge, or directly into the 


tumor mass. 
* Does not include mice whose tumors totally regressed. 


tumors. The tumors which remained grew very slowly 
and life was prolonged. Animals whose tumors totally 
regressed survived indefinitely. 

The site of BCG injection had some influence on the 
response of the tumors. If the BCG was injected directly 
into the tumor mass, and the VCN treated tumor cells 
injected elsewhere, only 1/14 tumors regressed, although 
tumor growth was severely inhibited. If the BCG was 
injected at a separate location from the injection of 
VCN treated MC-42 tumor cells, or mixed with the cells, 


15/42 tumors totally disappeared, and the animals sur- 


vived indefinitely. 

The Effect of Multiple Doses of BCG and Neuramini- 
dase Treated MC-42 cells on the Growth of Established 
MC-42 Tumors in Syngeneic C3H/He] mice: 20,000 
MC-42 tumor cells were injected s.c. in the left flank of 
recipient C3H/He] mice. Fifteen days thereafter when 
the tumor nodules measured 0.5-1.0 cm. diameter, re- 
cipient mice were injected with BCG and/or 10° living 
MC-42 tumor cells which had been incubated either 




















TABLE 2. Combined Effect of Six Challenges with Neuraminidase Treated Cells Plus BCG on the Regression of MC-42 Tumors in C3H/HeJ 
Mice l 
Treatment of cellular 
challenge’ BCG challenger Fraction 1° Mean Tumor Mean Day 
Experiment - Tumors Diameter D.40 Death 
No. VCN Inactivated VCN Separate With challenge Regressing (cm + SE) (i SEy 
i No Challenge — — 9/18 2.45 + 0.09 56.2 + 1.5 
11 — — T — 1/21 1.58 4 0.17 49.3 + 3.1 
12 — + — — 0/1& 2.34 + 0.10 56.7 £ 1.7 
13 + = = — 6/17 0.78 + 0.13 66.0 + 1.9 
14 — + + — 0/21 1.99 + 0.13 53.0 + 2.0 
15 + m + — 10/21 0.80 + 0.13 64.3 + 2.9 
16 — t — + 0/21 1.97 + 0.14 54.3 + 2.0 
17 + — — + 14/21 0.55 + 0.11 70.1 + 6.3 








a Challenging inocula consisted of six injections of 106 MC-42 cells which had been incubated with 25 U/ml./10* cells of VCN or heat 
inactivated VCN (plus mitomycin C). The first challenge was given 15 days after tumor inoculation and subsequent challenges at 2-day 


intervals. 


^ BCG challenge consisted of 1 mg. BCG injected at a site separate from the cel. chailenge or with the cell challenge. 


* Does not include mice in which tumors totally regress. 
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with VCN (plus mitomycin-C) or heat-inactivated VCN 
(plus mitomycin-C). The injections were repeated on 
alternate days until a total of six injections had been 
4 given. The results are summarized in Table 2 and Fig- 
ure 1. The results can be compared directly with Table 1 
because they were carried out simultaneously. Regres- 
sion of the firmly established tumors was never induced 
in animals who received no treatment, or animals who 
received tumor cells which had been incubated with 
heat-inactivated VCN even if those injections were given 
simultaneously with, or at the same site as, BCG inocu- 
lations. BCG by itself induced the regression of only 
1/21 tumors. In contrast, six injections of VCN treated 
tumor cells induced the total regression of 6/17 tumors. 
When VCN treated cells were given simultaneously with 
BCG injections, 24/42 tumors totally regressed. When 


. -the tumors did not totally regress, their growth was 


markedly slowed and the life of surviving animals pro- 
longed. In this experiment, it appeared that combining 
BCG with VCN treated tumor cells at the same injec- 
tion site was slightly more effective than giving the in- 
jections simultaneously, but at different sites. 
Immunospecificit of Tumor Regression Induced by 
BCG and VCN Treated Tumor Cells: C3H/HeJ mice 


were inoculated s.c. into the left flank with 20,000 MC-42 ` 


cells, and into the right flank with 20,000 MC-43 cells. 
Twelve days later recipients were challenged with 1 mg. 
BCG and/or 10° tumor cells which had been exposed to 
VCN or heat-inactivated VCN. Alternate groups of mice 
were challenged only with MC-42 cells (and/or BCG) 
or MC-43 cells (and/or BCG). The results are shown 
in Table 3. 

*" MC-42 tumors in the left flank of mice challenged with 
VCN treated MC-42 cells grew less well than MC-42 
tumors in animals challenged with MC-43 cells. The 
opposite effect was noted in animals challenged with 
MC-43 cells exposed to VCN. This immunospecificity of 
response has previously been described. No such im- 
munospecificity was seen in animals challenged with 
BCG without tumor cells. Slight inhibition of tumor 
growth was noted in both tumors and the life of the 
tumor bearing mice was slightly prolonged. 

When BCG was combined with the VCN treated cells, 
the immunospecificity of the reaction was not affected. 
BCG plus VCN treated MC-42 cells induced only the 
regression of MC-42 tumors in animals bearing both 
MC-42 and MC-43 tumors. The MC-43 tumors pro- 
gressed and killed the animals. Life was slightly pro- 


~~ longed in these animals as it was in the animals treated 


with BCG alone. Conversely mice bearing bilateral tu- 
‘mors treated with BCG plus MC-43 tumors exposed to 
VCN induced the regression of only MC-43 tumors. The 
MC-42 tumors grew only slightly slower than normal 
and at an identical rate as in animals treated with BCG 
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Fic. 1. Combined effect of neuraminidase (VCN) treated MC-42 
tumor cells and BCG injected simultaneously into mice bearing 
firmly established MC-42 tumors: Untreated tumors (top graph) 
killed animals in about 2 months. Six injections of BCG injected 
on alternate days beginning 15 days after tumor transplant slowed 
tumor growth. The simultaneous inoculation of BCG plus MC-42 
tumor cells which had been exposed to heat-inactivated VCN had 
no greater effect than did BCG itself (second graph). Six injec- 
tions of 106 VCN treated MC-42 cells produced the regression of 
approximately 14 growing tumors (third graph). The simultaneous 
injection of BCG and 109 VCN treated MC-42 cells led to the total 
rejection of ?4 of the firmly established MC-42 tumors. 


alone. The animals all died of one tumor, while rejecting 
the other. 


Discussion 


Those substances which non-specifically increase re- 
sistance to syngeneic tumors have recently been reviewed 
by Yashphe.?* BCG organisms have been most commonly 
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Immunospecificity of the Combined Effect of a Single Challenge with Neuraminidase Treated MC-42 or MC-43 Cells Plus BCG on the 





Fraction 1? Tumors 











Challenging tumor Regressing Mean Tumor Diameter D.40 (cm + SE) 

treated with BCG with challenging Mean Day Death 

VCN + M* tumor MC-42 MC-43 MC-42 MC-43 (+ SE) 
MC-42 — 2/8 0/8 0.46 XE 0.47 2.30 + 0.06 37.6 + 1.9 
MC-43 — 0/8 3/8 2.24 + 0.05 0.54 + 0.24 40.1 + 2.5 
None + 0/9 0/9 1.50 + 0.13 1.56 + 0.15 48.7 + 2.3 
MC-42 + 4/8 0/8 0.38 + 0.23 1.42 + 0.09 47.3 + 2.6 
MC-43 T 0/9 4/9 1.44 + 0.12 0.59 4- 0.24 46.2 4: 2.5 
None — 0/9 0/9 2.12 + 0.08 2.38 + 0.06 39.0 + 2.3 





* Challenging inocula were given 12 days after the MC-42 tumor had been injected cn the left, and the MC-43 tumor injected on the right. 
b Challenging inocula consisted of 10° MC-42 or MC-43 cells inoculated with VCN and Mitomycin C. 


employed although Corynebacterium parvum, Bordetella 
pertussis, streptococci, serratia, bacterial toxins, DNA 
digests, and polyanionic substances have all been found 
to stimulate nonspecific resistance to tumors.”® 

Viable BCG organisms increase the resistance of ani- 
mals to the transplantation of syngeneic tumors if ad- 
ministered several days to several weeks prior to the 
transplantation of the tumor. In addition, the prior ad- 
ministration of BCG delays the appearance (or decreases 
- the incidence) of carcinogen-induced tumors, radiation- 
induced tumors, and even spontaneous tumors in mice.? 
Mathé et al., have noted that BCG plus irradiated tumor 
cells will immunize mice to the nonspecific L 1210 leu- 
kemia even after inoculation of viable tumor cells.1° 
BCG has also been noted to prolong the survival of 
patients with acute lymphoblastic leukemia after chemo- 
therapeutic remission." Morton et al, have noted that 
the intralesional injection of BCG into melanoma nodules 
will induce regression of the melanomas in man ?? and 
Zbar and Tanaka ? have found that BCG injected di- 
rectly into syngeneic guinea pig hepatomas induced their 
regression. Although BCG can be utilized in the pheno- 
lized form and in the form of methynol extractable resi- 
due (MER),?8 Zbar and Tanaka *® feel that the effect 
of BCG is magnified by the use of viable organisms, by 
direct contact of the BCG with the tumor, and by prior 
sensitization of the animal to BCG. Similarly, Morton * 
found melanomas to respond to intratumor injections of 
BCG only in patients who became sensitized to the BCG. 

Our previous results have confirmed that the adminis- 
tration of BCG to C3H/HeJ mice bearing firmly estab- 
lished solid MC-42 tumors induced a temporary slowing 
of tumor growth. The injections were more effective than 
single injections (possibly due to sensitization of the 
mouse to the BCG) but regression could not be induced 
after the tumor had been in residence for prolonged 
periods and had reached rather large size. We have 
also previously demonstrated that the total rejection of 


firmly established MC-42 or MC-43 fibrosarcomas by 
syngene:c C3H/HeJ mice could be induced with chal- 
lenging inocula of living tumor cells which had been 
treated in vitro with Vibrio cholerae neuraminidase.” 
Regression could not be induced with cells treated with 
heat-inactivated VCN plus cells incubated with VCN 
and an excess of competetive feedback inhibitor of the 
enzyme (sialic acid). Regression induced by VCN 
treated tumor cells was immunospecific and could be 
induced only with VCN treated cells identical in type 
with the growing tumor?! We have also been able to 
produce immunospecific regression of syngeneic MCA 
fibrosarcomas by the direct intratumor injection of 
VCN.?? Of the methods previously investigated, the in- 
jection o7 VCN treated tumor cells into tumor-bearing 
mice was by far more effective than either the intrale- 
sional injection of VCN or the intralesional injection of 
BCG. 

BCG aad neuraminidase treated tumor cells probably 
exert ther respective tumor inhibitory effects via dif- 
ferent mechanisms. BCG may act to induce a local in- 
flammatory response, thereby attracting immunoreactive 
cells to the site of the tumor, and in turn increase the 
contact between the immunoreactive cells and the weakly 
immunogenic tumor.!? It therefore is more effective when 
the recipisnt has been preimmunized and when BCG is 
injected directly into the tumor tissue. 

VCN acts on the cell surfaces to lyse the 2-3’, 2-6’, and 
2-8’ glycosidic linkages between sialic acid residues and 
the mucopolysaccharides of the cell surface.?5?6 Remov- 
ing these sialic acid residues not only may remove a 
stearic hirdrance to antigen perception, but reduces the 
negative charge of the cell???* increases cell deform- 
ability, end increases the susceptibility of the cell to 
phagocytosis.®° All of these factors would be expected 
to increase the availability of tumor specific antigenic 
sites on tke cell surface to immunoreactive cells in the 
host? A considerable amount of data supports the hy- 
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pothesis that cells exposed to VCN are rendered more 
immunogenic. Normal lymphoid and embryonic cells 
exposed to VCN and injected in small nonimmunogenic 
doses into allogeneic recipients will sensitize those re- 
cipients.S^* Human peripheral blood lymphocytes ex- 
posed to VCN and incubated with normal allogeneic 
lymphocytes in mixed lymphocyte cultures (MLC) will 
double the rate of DNA synthesis in the allogeneic cells 
compared with the normal MLC response.? Schlesinger 
and Amos!" and Kassulke et al" have even demon- 
strated the unmasking of various antigens on cells treated 
with VCN although this may not be true for all anti- 
gens.4-16 Even immunosuppressed recipients can be im- 
munized by cells treated with VCN.* Watkins et al. 
have recently shown that human lymphocytes will trans- 
form in response to neuraminidase treated autologous 


~~ tumor cells in tissue culture. That such a variety of 


normal and malignant cells can be rendered more im- 
munogenic by treatment with VCN suggests that VCN 
acts nonspecifically to render cells more susceptible to 
immunologic processing by the recipient. Such a process 
is analogous to changing the immunogenicity of a hap- 
tene by changing the characteristics of the carrier mole- 
cule. 

Whatever the mechanism, the present immunotherapy 
model can easily serve as a model for the study of other 
variables in cancer immunotherapy, i.e. their combina- 
tion with surgical excision, chemotherapy, and radio- 
therapy. Such a model also provides a reasonable basis 
for experimental cancer immunotherapy in man where 
BCG is already in use.!*? Since mitomycin-C treatment 

„Of tumor cells prevents the growth of tumor, one need 
~~ not fear the growth of reinjected viable VCN treated 
tumor cells into the human recipient. Such a model may 
provide the basis of a VCN and mitomycin-treated tumor 
vaccine which can be used in patients in whom conven- 
tional therapy has been shown to be ineffective. 


Summary 


Firmly established solid methylcholanthrene fibrosar- 
comas in syngeneic mice will totally disappear if the 
hosts are challenged with living tumor cells which have 
been exposed to Vibrio cholerae neuraminidase (VCN) 
in vitro. The growth of the challenging tumor cells them- 
selves can be prevented by exposing the viable VCN 
treated tumor cells to mitomycin-C. The rejection of the 
established methylcholanthrene fibrosarcomas is aug- 

_mented by the simultaneous injection of a non-specific 


< immunostimulant, Mycobacterium bovis, strain BCG. 


The maximum effect is obtained by combining the in- 
jection of VCN treated cells with the injection of BCG 
at the same site. 

The rejection of the methylcholanthrene tumor is im- 
munospecific and can be induced only with VCN treated 
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tumor cells identical in type with the growing tumer. 
It is possible to obtain rejection of one tumor while the 
animal is dying of a second tumor. The mechanisms 
probably involve the increased immunogenicity of tumor 
specific transplantation antigens induced by the action of 
VCN on the tumor cell surface. BCG both nonspecifically 
stimulates the immune response of the recipient, and 
may attract immunoreactive cells to the site of the tumor 
vaccine. 
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Portal Hemodynamics after Distal Splenorenal (Warren) Shunt 


ECENTLY WARREN and co-workers *? have developed 

\ and studied a distal end-to-side splenorenal shunt. 
This shünt is designed to provide selective decompres- 
sion of gastroesophageal venous varices, without signifi- 
cant impairment of hepatic portal venous perfusion, in 
patients with portal hypertension and hepatic cirrhosis 
with hemorrhage. The follow-up data presently available 
and theoretical considerations suggest that this type of 
shunt may have a definite advantage over the porto- 
systemic shunts previously performed. However, direct 
portal roentgenographic demonstration of post-shunt 
hemodynamics has not previously been available. The 
shunt is designed to allow selective decompression of 
the coronary: venous plexus through gastric venous col- 
laterals into the spleen by way of carefully preserved 
short gastric veins. Flow should then proceed from the 


. Spleen down the splenic vein and into the lower pressure 


systemic renal venous circulation through the distal end- 
to-side splenorenal shunt. Concomitantly, however, blood 
from the inferior and superior mesenteric veins con- 
tinues to perfuse the liver through the intact portal 
vein? The early experience with this procedure indicates 
continued lack of post-shunt hepatic failure, the most 
common cause of death and morbidity following porto- 
systemic shunt.? 

The effectiveness of distal splenorenal shunt in de- 
compressing esophageal varices is indicated by lack of 
recurrent upper gastrointestinal bleeding in the follow-up 
data now available from Warren's series.? Patency of the 
splenorenal anastomosis has been demonstrated by post- 
operative splenoportogram.? - However, changes in flow 
patterns of gastroesophageal varices following distal 


_Splenorenal shunt as demonstrated by umbilico-portal 
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angiography have not been described. The value of 
umbilicoportography before, during and after portosys- 
temic shunt has been reported.! The effect of distal 
splenorenal shunt on the hemodynamics of portosystemic 
collaterals in the gastroesophageal region is of particular 
interest, in evaluating the mechanisms by which distal 
splenorenal shunt provides control of hemorrhage by 
selective decompression of gastroesophageal varices. Se- 
quential postoperative umbilico-portal manometry to de- 
termine the effect of this shunt on portal venous pres- 


‘sures has not been performed following this type of 


shunt. 

In this report, preoperative and intraoperative umbili- 
co-portal cannulation allowed direct comparison for the 
first time of portal flow patterns in a cirrhotic patient 
before and after end-to-side distal splenorenal porto- 
systemic shunt. 


Methods 


In preparation for the pre-shunt portogram, the um- 
bilical vein was cannulated under regional anesthesia 
extraperitoneally through a limited upper abdominal 
midline incision which was carried through tlie linea 
alba. Both pre-shunt and post-shunt portography was 
carried out by injection of 50 cc. of contrast material 
under standard conditions of injection and with serial 
postinjection roentgenograms. Following base line pre- 
shunt studies the catheter was carefully removed in incre- 
ments allowing thrombosis of the umbilical venous tract 
to prevent hemorrhage from the hypertensive portal vein 
during subsequent removal of the catheter. The umbili- 
cal venous tract was recatheterized without difficulty 
several weeks later during open laparotomy at the time 
of the distal splenorenal shunt. 
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Case Report 


distal splenorenal shunt was performed because severe pre- 
shunt hepatic coma and encephalopathy in this patient increased 
the risk of post-shunt hepatic failure. The patient was a 35-year- 
old woman with an extended history of excessive 
sumption. She was admitted to Temple University Hospital Decem- 
ber 10, 1970 with massive upper gastrointestinal hemorrhage 
and hepatic coma. The hemorrhage was controlled promptly with 
esophagogastric balloon tamponade. Although bleeding did not 
recur, the patient remained in hepatic coma for 7 days despite 
continued bowel cleansing and 
non-absorbable antibiotics to decrease 


alcohol con- 


mechanical administration of 
intestinal bacterial flora. 
On the tenth day of hospitalization umbilico-portal catheterization 
and pre-shunt angiography was performed to assess portal hemo- 
dynamics, demonstrate portosystemic collaterals, and to demon- 
strate the patency of the portal vein in preparation for porto- 
systemic shunt. Preoperative manometry revealed a portal pressure 
of 37 to 39 cm. of water. The patient was then discharged 
from the hospital to allow time for nutritional improvement, and 


complete wound healing at the site of the umbilico-portal cathe- 
terization. 

She was re-admitted to Temple University Hospital after 21 
days on January 12th 1971 for elective portosvstemic shunt. Be- 
cause of the previous prolonged hepatic coma and hepatic en- 
cephalopathy, 
to preserve a maximum of hepatic portal venous perfusion. The 
coronary vein was ligated and the splenic vein was ligated at 
its confluence with the inferior mesenteric vein, 
side distal splenorenal shunt was performed. At open laparotomy 
during the shunt, the umbilical vein was readily re-dilated and 
Following the selective distal 
compression, hepatic coma and hepatic encephalopathy 


a Warren distal splenorenal shunt was performed 


and an end-to- 


re-catheterized. portal venous de- 


did not 





PREOPERATIVE 


Fic. 1. Pre-shunt umbilical portogram. Contrast enters the left 
portal vein by way of the umbilico-portal junction, and can be 
seen filling the main portal vein by retrograde flow. Cephalad- 
directed flow occurs in the coronary vein toward the esophagogas- 
tric venous varices. (arrow ) 
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Fig: 9; 


Portagram after distal splenorenal shunt. Coronary venous 
flow is diverted at the point of coronary vein ligation (Fig. 
arrow) into gastric venous collaterals (Fig. 2b, arrow). 


occur. The umbilico-portal catheter was left in situ for 
during which time daily manometry was performed. Pre-shunt 
operative portal pressure was between 39 and 41 cm. of water. 
Immediately following the shunt the pressure still ranged from 
39 cm. of 


portal pressure was observed over the next several days. By the 


days 


37 to water. However, a gradual reduction in the 
seventh post-shunt day the portal pressure was ranged from 22 


to 25 cm. of water. Umbilico-portal angiography was performed 
on the seventh postoperative day and the catheter was removed 
in increments on two successive days. After a splenoportogram, 
the patient was discharged on the fourteenth postoperative day. 


The patient has been followed closely until the present time 


seconos” y 





Fics. 2c-f. Coronary venous flow proceeds inferiorly into the left 
upper abdomen through the preserved short gastric veins into 
the region of the splenorenal shunt. No cephalad coronary flow is 
observed even on delayed roentgenograms (up to 16 seconds) 
demonstrating the effectiveness of distal splenorenal shunt in 
diverting portal collateral flow away from esophageal venous 
varices. However, concomitantly, hepatopetal portal venous flow 
is preserved as demonstrated by prompt intra-hepatic filling and 
wash-out on sequential films. 


and has done well in every respect. No recurrent bleeding has 
occurred and there has been no hepatic encephalopathy or hepatic 
coma. Liver function studies which were markedly altered at the 
time of initial admission and were moderately altered immediately 
following portosystemic shunt have stabilized and returned to 
normal. She has somewhat less ascites than preoperatively and her 
appetite has remained normal. Blood ammonia levels are normal. 
Protein restriction has not been necessary. 


Comparison of Portal Flow Patterns before and after 
End-to-Side Distal Splenorenal Shunt 


Preoperatively esophagogastric venous channels were 
J 80: 
promptly filled by cephalad flow in dilated coronary 
venous portosystemic collaterals (Fig. 1). By comparison 
no filling of esophagogastric varices by coronary venous 
flow is seen following the distal splenorenal shunt ( Figs. 
2a-2f). Postoperatively coronary venous flow is diverted 
at the point of coronary vein ligation away from its pre- 
operative course into esophagogastric varices, Instead 
the coronary venous flow proceeds to the left and in- 
feriorly in multiple dilated venous collaterals within the 
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stomach wall toward the preserved short gastric veirs. 
On successive angiograms flow is seen proceeding toward 
the spleen in the direction of the decompressing end-to- 
side splenorenal shunt. Thus the coronary venous drain- 
age proceeds caudad and away from the esophagogastric 
varices and is directed inferiorly through collaterals into 
the region of the stomach bed by decreased venous 
pressure created by the portosystemic shunt. However, 
hepatopetal portal venous flow is well preserved as dem- 
onstrated by prompt intrahepatic filling and wash out on 
serial films of the post-shunt portogram (Figs. 2a-2f). 
Thus the feasibility of selective decompression of gas- 
troesophageal varices while maintaining portal flow to 
the liver is demonstrated by this post-shunt umbilico- 
portogram. Diversion of coronary venous flow through 
gastric venous collaterals and short gastric veins into the 
region of the splenic bed does occur as has been postu- 
lated. The patency of the distal splenorenal shunt was 
confirmed by a direct splenoportogram performed before 
the patient's discharge from the hospital ( Fig. 3). 
Absence of post-shunt hepatic failure has been ob- 
served following distal end-to-side splenorenal shunt.” 
Post-shunt encephalopathy or hepatic coma has not been 
a problem in the first 8 postoperative months in our pa- 
tient despite the history of preoperative hepatic coma 
associated with the patient's gastrointestinal hemorrhage. 
The lack of post-shunt hepatic failure is presumbly re- 





Fic. 3. Splenoportogram 9 days after distal splenorenal shunt 
demonstrating patency of the end-to-side splenorenal shunt. Flow 
down splenic vein, through the splenorenal anastomosis (arrow), 
from left to right in the renal vein, and cephalad in the inferior 
vena cava (IVC) is demonstrated. 
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lated to maintenance of hepatopetal portal flow. Con- 
tinued perfusion of the liver by the superior and inferior 
mesenteric venous blood is demonstrated in successive 
portograms by the wash out of the main stem portal 
vein as well as progressive hepatic clearance of contrast 
material during the sequence of the portogram. How- 
ever, maintenance of portal hypertension may not persist 
in every patient after distal end-to-side splenorenal shunt 
and a gradual reduction in portal pressure may occur. 
Sequential manometry through the large bore catheter 
in situ at the portahepatis indicated that although portal 
hypertension was maintained in the eaxly postoperative 
period, portal pressure at the portahepatis had decreased 
by the seventh postoperative day. 


Summary 


© Portal venous flow patterns have been compared be- 
fore and after end-to-side distal splenorenal shunt by 
unibilico-portography. Diversion of coronary venous flow 
away from gastroesophageal varices into venous col- 
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laterals within the gastric wall and through short gastric 
venous channels into the region of the splenic bed has 
been demonstrated. Additionally, maintenance of su- 
perior and inferior mesenteric venous flow with 
continued hepatic portal venous perfusion is observed 
concomitantly with selective diversion of blood from 
esophagogastric varices. Thus the theoretically antici- 
pated alterations in portal venous hemodynamics by end- 
to-side distal splenorenal shunt have been confirmed by 
pre-shunt and post-shunt portography. 
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Retroperitoneal Fibrosis and Large Bowel Obstruction: 


Case Report and Review of the Literature 


JOSEPH G. McCARTHY, M.D., MILTON R. PORTER, M.D., F.A.CS., 


<<. 


OLLOWING ORMONDS original description °° of retro- 
P peritoneal fibrosis with ureteral obstruction, variants 
of this syndrome have been reported in other anatomical 
locations. Similar fibrotic processes have been described 
involving the aorta,*9?9 aortoiliac system,!72*2928 vena 
cava,”*15.28 thyroid, mediastinum,?!922* coronary ar- 
teries,®.?> biliary tree, 115152539 porta] vein € and spleen. 
However, there have been few reports of gastrointestinal 
tract involvement. The unusual association of retroperi- 
toneal fibrosis and sigmoid obstruction, as well as the 
opportunity to document histologic progression of the 
lesion, prompted the present report. In addition we 
have reviewed the literature of large bowel obstruction 


« ‘secondary to retroperitoneal fibrosis. 


€ 


Case Report 


After a 5-year history of low back pain, a 39-year-old house- 
wife underwent laparotomy in December, 1967 for a pelvic mass 
and associated large bowel obstruction. The operating surgeon 
described a fibrous mass filling the pelvis and noted that the 
sigmoid colon passed through this lesion. An. incisional biopsy 
(Fig. 1) showed fat necrosis about the bowel wall. A transverse 
colostomy was performed, as the bowel wall had been inad- 
vertently entered in an attempt to dissect the colon free. In the 
follow-up period, although the mass did not enlarge by pelvic 
examination, complete patency of the sigmoid colon could never 
be demonstrated on barium enema x-ray (Fig. 2). 

On referral to the Columbia-Presbyterian Medical Center in 
November, 1968, the patient was free of any symptoms and had 
a well functioning colostomy. On examination, there was a firm 

.mass in the pelvis extending down to the ischial spines and 


~~ proctoscopy showed narrowing at 14 cm. Laboratory data, except 


for a BUN of 23, was normal. Intravenous pyelography revealed 
an atrophic, nonfunctioning right kidney and hydronephrosis of 
the left kidney (Fig, 3) In addition, bilateral extrinsic compres- 
sion of both distal ureters was demonstrated on. retrograde studies 
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(Fig. 4). A right nephrectomy and left pyelostomy were ver- 
formed through separate flank incisions. This procedure was fol- 
lowed 14 days later by laparotomy. At this time the operative 
findings were thickening of the posterior peritoneum and an ex- 
tensive fibrous-fatty mass in the pelvis. Frozen section study of 
the lesion showed marked fibrosis with chronic inflammatory 
cell infiltrate. As a short segment of distal sigmoid colon was 
totally occluded by the mass, a limited resection with end-to-end 
anastomosis was performed. The distal left ureter was also re- 
sected (Fig. 5) and the proximal end was reimplanted into the 
bladder according to the method of Boari; the distal two-thirds 
of the ureter was positioned intraperitoneally. The postoperative 
course was complicated by lymphedema of the left lower ex- 
tremity, urinary tract infection and a colo-ureteral fistula which 
healed spontaneously. The transverse colostomy was closed in 
May, 1969 with subsequent rectal passage of stool. The patient 
is currently doing well and follow-up intravenous pyelography 
showed only mild dilatation of the left urinary collecting sys- 
tem. 


Discussion 


Although ureteral obstruction has been the most com- 
monly discussed complication of retroperitoneal fibrosis, 
the latter, in addition, can cause obstruction of the ali- 
mentary tract in three sites: small bowel mesentery, 
retroperitoneal duodenum and rectosigmoid. Of these 
locations, the small bowel mesentery has been the most 
frequently reported and the resulting pathologic picture 
has been variously referred to as mesenteric panniculi- 
tis? isolated lipodystrophy,**?" primary liposclerosis 
of the small bowel mesentery, variant of Weber-Chris- 
tian syndrome *! and lipogranuloma of the mesentery.?* 
Usually these patients had recurrent episodes of vague 
abdominal and lumbosacral pain, malaise, nausea and 


vomiting. Examination often revealed areas of abdominal 
tenderness and palpable abdominal masses. At explora- 
tion, there were nodular to plaque-like masses of the 
small bowel mesentery located anywhere from the root 
of the mesentery to the bowel wall. On histologic exami- 
nation, these lesions presented a spectrum ranging from 
fat necrosis to dense fibrotic replacement of the mesen- 
teric adipose tissue. 

Reports of duodenal obstruction with retroperitoneal 
fibrosis are fewer in number. Pallette *! presented a pa- 
tient with obstruction of the third portion of the duo- 
denum by a 4 cm. rubbery mass involving the uncinate 
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Fic. 1. Tissue resected from the meso- 
sigmoid showing diffuse, progressive fi- 
brosis, accompanied by small cell infil- 
trates invading the adipose tissue. The 
lower right hand corner reveals reactive 
fat necrosis. 


process, the histopathology of which was interpreted as 
"masses of degenerated fat". Schneider?* described a 
patient who succumbed after a clinical course marked 
by duodenal obstruction, jaundice, renal failure and myo- 
cardial infarction. At necropsy, there was a large, rub- 
bery grey retroperitoneal mass surrounding and com- 
pressing the retroperitoneal portion of the duodenum, 
distal common bile duct and both ureters. Similarly, a 
patient with retroperitoneal fibrosis and involvement of 
the head of the pancreas and duodenum without actual 
obstruction of the latter has been reported.! 

Patients with retroperitoneal fibrosis and associated 
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Fic. 2. The A-P film on barium enema shows narrowing and rig- 
idity of the distal sigmoid colon although dye has passed into the 
proximal colon. 


large bowel obstruction have been reported infrequently 
in the literature. Several authors 19:16:18 jn reporting large 
series of patients with retroperitoneal fibrosis, fail to 
mention any colon involvement. Longmire !? reported a 
series of 13 patients and noted one patient with involve- 
ment of the descending colon without elaboration. 

Schwarzmann 2° in 1955, referring to the lesion as 
Xanthogranulomatosis, documented the first case of de- 
scending colon obstruction secondary to retroperitoneal 
fibrosis. The important features of this case, as well as 
those of others subsequently reported,®!*2! are listed in 
Table 1. In addition, Gelford® cites Graham, in a per- 
sonal communication, as having in his series a patient 
with a sigmoid stricture secondary to methysergide— 
related retroperitoneal fibrosis. 

Other authors have reported patients who, although 
not exhibiting all the characteristics described above, are 
similar in many respects. Popham ?? reported the case of 
a 25-year-old man with rectal bleeding and constipation. 
A pelvic mass compressed the rectosigmoid colon and 
caused bilateral moderate hydronephrosis. Pathologic 
study of the lesion demonstrated fibrous tissue. Groll- 
man ™ described a patient with a retroperitoneal mass 
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Fic. 3. There is absent right renal function on intravenous py- 
elography. Hydronephrosis and hydroureter as well as medial dis- 
placement of the distal ureter are prominent features on the left 
side. 





Fic. 4. The retrograde pyelogram shows narrowing of the distal 
left ureter due to extrinsic compression. 


» ds 
C p 





impinging on both the bladder and sigmoid colon. Biopsy 
revealed fibrosis, chronic inflammatory changes and non- 
specific granuloma. A diverting colostomy was performed 
and the mass disappeared with emetine therapy. Like- 
wise, Trever *? reported a case of retroperitoneal fibrosis 
with involvement of the rectosigmoid, left lower ureter 
and left external iliac vein. A repeat laparotomy 3 months 
later also showed fibrotic involvement of the mesentery, 
but study of some mesenteric lymph nodes disclosed 
reticulum cell sarcoma. Bilateral nephrostomies Mikulicz 
resection of the sigmoid colon and a sigmoid colostomy 
were performed. In a series of eight patients with mes- 
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Fic. 5. The ureter is seen at the top of 
the field with fibrosis and focal lympho- 
cytic collections infiltrating the periure- 
teric fat below. 


enteric panniculitis, Handelsman !? described a patient 
with fibrotic involvement of the ileum on its mesenteric 
border. A loop colostomy was constructed as the sigmoid 
colon traversed the mass. The histopathologic finding 
was similar to that previously described. 

We do not intend to discuss at length the pathologic 
changes of retroperitoneal fibrosis. However, the patient 
herein presented is unique in that the lesion was biopsied 
consecutively over an 11-month interval and afforded an 
opportunity to study the histologic progression of this 
pathologic entity. The initial microscopic picture was one 
of fat necrosis of the bowel wall and adjoining mesen- 


4 


i 
^ 


20 


RETROPERITONEAL FIBROSIS AND BOWEL OBSTRUCTION 


Vol. 176 * No. 2 





peddojs opisi1es 

-Ay awl 193j? ‘soul z 
Teunou "qq 5 dAI 
pajsts 

-iad uononansqo 
[93291 ‘uamopan 
aitqUa 03 1 900€ 
‘stso4yqauospey 

3j8[ padoysaap 


Ajyuenbesqns 


SISOWO}SeUue JO UMOP 
-e231q wo] pouod 


"do3sod ut perp 


a[qexieurel 


-un Apuənbəsqns 





ssjA2o0gduiÁA[ qat 
peyen]gut ꝝ 78} jo 
seare yyim posreds 


-49701 enssm snouqg 


s[[92 
Aiogewwepu og 
stsoiqy 'sa3A2oj1stq 
prodi WIM paA[oA 
-UI [[£4 Jo s1oÁv[ 
921] Je pamoys 


Ásdotq [e3221 


s]jao A1o3eururegut 
39 enssu snoiqy Aq 


39j JO uamaoeydas 


sIsoiqy 

3 S1S0329U 393 
'sio2 A1o3eururegur 
ↄluoauo 'suorso[ 


snoj?ulo[nue18 


Ajuo Áuiojo1edej 


Awo} 


-S0[09 ƏSJJASUVI} 


Áu1032210gdoo 
Te1o3?[tq 2 Awo] 
-99391sÁQ [9301 uon 


-998931 IOLI9]U? MOT 


SISOUIO} 

-Seut pua-oj-pua 
YM WOOD prouisis 
39 OSIP ‘ssisasuesy 


Jo yed jo uonoassa 


UA eI UOM 

-U102 Ja] 29 $19391n 
Y40q s? [aM se 
uornoapga1 [eouoj uad 
əy} 2sAoqe? proursiso} 
-931 JO Ara}uasour 

l 39g uSoaos SUIAIJOA 
-ur ənbejd ↄnoaq 


-y jeauoyrədoə1 


J9pp*Iq jo uorsod 
J9AO[ X prourgis 
-03281 3uiputic ms 


SSEW 9131[ M-MO[f2Á 


S19j91n 

y0q ꝝ prouiis 
ayy Surssa1duioo 
ss?ur [eouo1r1odoq; 


“aq UD Qc X ST 


uojoo 
Sutputicms ssuur 
"UD OT X 8 osy 
'Se[pou ustao[[o A 
iaim pa19A02 
uojo2osaul p [fea 


*snojeurapo uo[oo 





9s1n07) PI 


"medojstH 





aInpasolg 


SSUIpULy eAne1ad(y 


[EJoj?[Iq 219A235 








VSOU [eur Adeisy} opidaos 


uononis = -10U YNA prow Ico 2tATad -Ayjeur *eurapa 


qo [e:93aern -51807391 7e tare jo Suruexor "42 qy uonednsuoo 


91n32Ls "DID p sp ye Surwoireu — "ueuioA p[o-1Á-/6 


Surpes[q 


€soonul [e32o1 [f1281 *1eqqeo 


anbeyd ayy [0035 UI ƏSLA 


umjoar jo — '7294 ZUPU -ap 'uonednsuoo 


3110d21j30U SISOUJJS Ie[nuu? SSEW [purum[e1]xo *ueur ppo-aÁ- 
P f i jpgurum[ PI T9 


19j91n 01501d enuusue 
-OJpÁq 31 09 OU "(140149)4D 29 Sse [euruopqe 
siso1ydauoip uojoo prour3is uo — xrA1so Sure[derp samo] 'uonedrsuoo 


-Áy [E1oje[Iq eunssoud orsurmxa SSE 2ES-9p-[H0O  'u?uoA p[o-'1Á-9G 


SSEW 


OTT ‘ured TA V 


prowss re3sip "ul Oy] uonedusuoo 


peiiodo: jou — 3? 329jop Sup Pl 3? voueystsor ‘ueu p[o-1A-z/ 





dAI 


ewang umaeg wexy 21noiq [eorum 


03204 2g epay 





ile ~~ 


‘I 878v 


8961 p109 


1961 peeled 


1961 srlle xo J 


SS6T 
e; UP UIZIE AG 


jeu aouanv 


204 


tery, whereas the subsequent biopsy revealed dense fibro- 
sis with chronic inflammatory cell infiltrate. These find- 
ings fit well with the concept of most authors ? 1912.21.21 
that the pathologic process results initially from an in- 
jury to the adipose tissue in several anatomical sites and 
that with time dense fibrous tissue is formed. Conse- 
quently, the histologic picture is a broad spectrum and 
individual findings depend on the time at which the 
biopsy is performed. Early there is alteration of the fat 
cells at the periphery of the fat lobules leading to fat 
necrosis with associated cellular granulomatous reaction. 
This stage is followed by replacement of the fatty tissue 
by dense collagen and perivascular infiltration of chronic 
inflammatory cells. One can, therefore, speculate that 
any tubular structure lying within or adjacent to adipose 
tissue is susceptible to development of and gradual nar- 
rowing by this pathologic process. 


Summary 


A report of a patient with documented idiopathic 
retroperitoneal fibrosis and obstruction of both the ure- 
ters and rectosigmoid is presented. The literature has 
been reviewed and the possible mechanism of involve- 
ment has been discussed. 
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Diagnosis of Diverticulitis of the Colon: 


Role of the Barium Enema in Defining Pericolic Inflammation 


GARY G. NICHOLAS,* M.D., WALLACE T. MILLER,* * M.D., F.A.C.R., 
WILLIAM T. FITTS,*** M.D., F.A.C.S., RODERICK L. TONDREAU,t M.D., F.A.C.R. 


IVERTICULITIS COLI is becoming more prevalent as 

the number of patients in the geriatric age group 
increases. Horner ? has estimated that 6.8% of the Ameri- 
can population have diverticulosis, and of these, 20% to 
25% will develop diverticulitis at some time in their life. 
Welch, Allen, and Donaldson § estimated that 2/3rds of 
all patients who reach the age of 85 will have diverticulo- 
sis. It is a common disease and is increasing. 

The concept of diverticulitis has undergone some 
change in the past several years. It is now generally 
accepted that clinical diverticulitis is really not inflam- 
mation of a single diverticulum but represents per- 
foration of a diverticulum with formation of pericolic 
abscess or an inflammatory mass, better termed peridi- 
verticulitis. The diagnosis of peridiverticulitis is generally 
made by clinical and radiographic means. This report 
is an attempt to evaluate the accuracy of these means, 
particularly barium enema x-ray in the diagnosis of 
peridiverticulitis. 


Clinical Material 


In the last 10 vears, 105 patients have been operated 
on at the Hospital of the University of Pennsylvania 
with a pathologic diagnosis of diverticulitis of the colon. 
Review of their records revealed that 76 had barium 
enema x-rays performed preoperatively. The pathologic 
findings in these 76 colons were carefully reviewed by 
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one of us, and the barium enema x-ray findings were 
reviewed by two of us and compared with the pre- 
operative barium enema reports. The symptoms, signs, 
and results of laboratory examinations that led to opera- 
tion were tabulated from the patients’ records. 


Results 


A. Pathologic Findings 


Fifty-eight of the 76 colons (76%) had gross inflam- 
matory masses proven pathologically. Ulceration at the 
base of a single diverticulum is probably a subclinical 
stage of peridiverticulitis. As this reaction progresses and 
the diverticulum goes on to perforate the colon wall, the 
disease presents as a clinical entity. 

In reviewing the gross and microscopic pathologic 
findings of our cases, we found that perforation usually 
remained localized to the pericolic region. This is ac- 
complished by several methods. The fact that most 
diverticula are in the mesenteric border of the colon 
means that a significant number perforated into the 
mesentery of the colon. Also those that perforated below 
the peritoneal reflection of the colon were restricted by 
the pelvic floor. Perforations were also noted to take 
place beneath epiploic appendages and result in a local 
inflammatory mass. It is this localized perforation of 
diverticula that gives rise to inflammatory masses and 
microabscesses. 

Gross examination of the surgical specimens revealed 
a spectrum of disease stages. In the mildest form, there 
was thickening of the colon wall associated with areas 
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of induration caused by intramural inflammatory reac- 
tion. Histologically, there were many diverticula with 
ulceration of the base. There were areas of necrosis and 
cavity formation within the muscularis (Fig. 1). 

In the more florid stage, there was massive edema, 
vascular congestion and inflammatory reaction in the 
entire pericolic region. The mesentery was thickened and 
edematous; this was often the source of the mass pal- 
pated by the physician, or found at operation. In some 
there were multiple small abscesses scattered through 
this reaction. In others there was one large arca that 
cavitated and formed a unilocular abscess cavity (Fig. 
2). The wall of the colon was edematous and thickened 
with an infiltrate of polymorphonuclear cells through 
all layers. The mucosa was ulcerated in many areas, This 
may have been the source of the blood streaking of stool 
that some patients had noted with acute diverticulitis, 
There were also dissecting abscesses transversing longi- 
tudinally within the bowel wall in several specimens. 
These are said to arise from the intramural perforation 
of several adjacent diverticula with subsequent conflu- 
ence of the local abscesses caused by each. These dis- 
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Fic. 1. This diverticulum shows minimal inflammatory reaction 
surrounding its base in the muscular layer of the colon wall, Mag- 
nification x 10. Stain—Hematoxylin-eosin. 
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Fic. 2. There is an extensive inflammatory reaction. The mucosa 
and submucosa are infiltrated with lymphocytes and polymorphonu- 
clear leukocytes. Magnification x 140. Stain—Hematoxylin-eosin. 


secting abscesses are occasionally demonstrated on 
barium enema x-ray. 

Six of the patients in our series had fistula formation. 
Two involved the urinary bladder, two the small bowel, 
one the skin, and one the vagina. The section of the 
colon involved was the sigmoid in each of the cases of 
fistula formation. 


B. Clinical Findings 

A mass was palpated preoperatively in 34 of the 58 
patients in whom a mass was found at operation. This 
figure includes abdominal, rectal and vaginal examina- 
tions. 

There were 15 patients who had symptoms referable 
to the urinary tract. The most common complaint was 
dysuria, present in all 15 patients. It was apparent from 
review of the operative records that the proximity of the 
inflammatory mass to the lower urinary tract led to the 
symptoms reported. 

There were only eight patients (14%) in the group of 
58 who had elevated temperatures at the time of admis- 
sion. The initial leukocyte count was less than 10,000 in 





* 


Vol. 176 * No. 2 


20 patients (35%). A temperature elevation following 
proctoscopy or barium enema was noted in eight pa- 
tients. One of the patients had a colovesical fistula and 
on the evening following barium enema, his temperature 
rose to 104?F. 

In 32% of the patients, the sigmoidoscope could not be 
introduced beyond 15 cm. from the anal verge. The 
limiting factor was usually spasm of the colon and dis- 
comfort. In none of the instances was diverticula or 
sacculation observed. There were several patients in 
whom the acute angulation of the sigmoid prevented 
further introduction of the sigmoidoscope. 


C. Barium Enema Findings 


Of the patients who had preoperative barium enema 
x-rays, 58 patients or 76% had gross pathologic inflamma- 
tory masses or frank abscesses. Of this group of 58 pa- 
tients, 51 barium enema x-rays were available for retro- 
spective review. Of the 51, seven patients (14%) failed 
to demonstrate radiographic evidence of diverticulitis. 

Criteria used for the diagnosis of peridiverticulitis 
were: (1) presence of extraluminal barium indicating a 
fistula or free perforation (2) extrinsic pressure on the 
colon by a characteristic extraluminal mass (3) severe 
spasm (usually complete obstruction with no evidence 
of a mucosal lesion). 

It is of interest that even careful retrospective analysis 
failed to reveal radiographic findings of diverticulitis in 
14% of the patients. In one patient, the colon was entirely 
normal radiographically without evidence of a single 
diverticulum. In the other six, diverticulosis was present. 
Several showed changes which have been called the 
“sawtooth pattern”, serrated pattern or prediverticulitis 
stage. In the past, these changes have often been inter- 
preted as evidence of old diverticulitis. Fleischner has 
confirmed this to be merely a manifestation of extensive 
diverticulosis. This pattern is commonly observed in 
clinical radiologic practice in patients who do not have 
true peridiverticulitis. 

Age and sex of the patients were not factors affecting 
the accuracy of barium enema x-ray in diagnosing peri- 
diverticulitis. The duration of the disease, measured from 
the time the person first had any symptoms that could 
be attributed to diverticulitis, was a factor. In those 
with a history of less than 6 months’ duration, the diag- 
nosis was made in all but two. In those with the history 
of longer duration of symptoms, the diagnosis was over- 
looked in five. 


Case Reports 


Case 1. A 49-year-old man was admitted to the Hospital of 
the University of Pennsylvania for the second time. He had 
intermittent left lower quadrant pain for 1 year that had been 
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treated with stool softeners and antispasmodics. The most recent 
episode began 3 weeks prior to hospitalization when he developed 
acute left lower quadrant abdominal pain. For 1 week his tem- 
perature had ranged between 100 to 101°F daily. 

When admitted to the hospital he had a tender, sausage- 
shaped mass in the left lower quadrant. Rectal examination re- 
vealed an extrinsic mass, just above the prostate gland. Sig- 
moidoscopic examination showed sharp angulation of the bowel 
at 15 cm. through which the instrument could not be passed. 
No other abnormalities were noted. Barium enema x-ray showed 
diverticulitis of the distal sigmoid with a 6 cm. length of bowel 
that was spastic and tender. Several diverticula were noted in 
the region of the spasm (Fig. 3). 

After several days of a clear liquid diet, stool softener, and 
antibiotics, he became asymptomatic. Because of the history of 
continuing severe attacks, resection of the involved bowel was 
advised and accepted. 

At operation a 12 cm. inflammatory mass was found surround- 
ing the distal sigmoid colon. This was resected and a primary 
anastomosis was performed. 

Case 2. An 82-year-old woman was admitted to the Hos- 
pital of the University of Pennsylvania with left lower quardrant 
pain for 6 weeks prior to admission. Diverticulosis of the sigmoid 
had been diagnosed by barium enema examination 15 years 
prior to admission. She had suffered several episodes of acute 
abdominal symptoms over the last 10 years that had been diag- 
nosed as sigmoid diverticulitis. Abdominal examination showed 
a 12 cm. diameter mass in the left lower quadrant. A barium 
enema x-ray showed diverticulosis of the colon, with some spasm 
in the area of the sigmoid, but no evidence of the large mass 
that had been felt on abdominal examination (Fig. 4). 

At operation, the distal sigmoid colon was involved in an in- 
flammatory mass measuring 20 cm. in diameter. There was also 
a peritoneal cyst attached to the sigmoid colon, measuring 6 cm. 
in diameter. The involved colon and cyst were excised. Because 
of the severe infection, primary anastomosis was felt to be un- 
safe, and therefore both proximal and distal ends of the sigmoid 
colon were brought out as a double barrel colostomy, Continuity 





Fic. 3. Barium enema x-ray demonstrating spasm of the sigmoid 
colon with several diverticula. 





Fic. 4. Barium enema x-ray demonstrating diverticulosis of sig- 
moid colon. 


of the bowel was reestablished at a second operation 2 months 
later. 

Case 3. (Not infrequently diverticulitis of the sigmoid can 
produce a mass mistakenly thought to be genital in origin. The 
possibility that the pelvic mass might be due to diverticulitis of 
the colon was discounted in this patient because of a barium 
enema x-ray that showed no evidence of complications of diverticu- 
lar disease. ) 

A 43-year-old woman was admitted to the Hospital of the 
University of Pennsylvania because of lower abdominal pain. 
Two prior attacks had occurred at the time of her menstrual 
periods. Her temperature had risen to 101*F with the two epi- 
sodes. Pelvic examination by a gynecologist, showed a pelvic 
mass that was interpreted as leiomyoma uteri. Barium enema 
examination was reported as showing evidence of diverticulitis. 

At the time of operation, the mass was found to be due to 
diverticulitis of the sigmoid colon. Microscopic examination 
showed that the lesion was entirely an extramural one, peri- 
diverticulitis. 


Discussion 


The diagnosis of diverticulitis by barium enema x-ray 
has been reviewed by Fleischner. In his series, he found 
that 65% of the surgically removed specimens had an 
inflammatory mass associated with a perforated diver- 
ticulum. Goulard * reported that 60% of the patients in 
his study had perisigmoid abscesses. In our series of 76 
patients with preoperative barium enema x-rays, 76% 
had inflammatory masses or frank abscesses present at 
the time of operation. In reviewing the operative de- 
scription and the pathologic specimens, we noted that 
the disease process of peridiverticulitis was a spectrum 
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of findings. The findings ranged from a thickening of 
the wall of the colon, due to the inflammatory edema 
and fibrosis, to the formation of an inflammatory mass. 
The extension of the inflammatory response through the 
wall of the colon into the surrounding tissues (i.c. mes- 
entery, epiploic appendage, or areolar tissue beneath the 
pelvic peritoneum) leads to the mass formation. This 
inflammation may cause abscess formation that will re- 
quire surgical drainage and diverting colostomy. How- 
ever, many times it undergoes resolution without gross 
abscess formation and leaves only fibrosis and mature 
granulation tissue in the area of previous reaction. This 
may produce some shortening of the tinea of the colon 
with concomitant heaping up of the circular muscle; 
but this was not a prominent feature of the colons ex- 
amined pathologically. 

Fleischner describes in detail thickening of the mus- 
cularis of the colon associated with areas containing 
diverticula. He concludes, however, that the heaping up 
and thickening in the muscularis is secondary to long 
standing irritable colon syndrome and is not due to in- 
flammatory disease in the diverticula. Scarring is noted 
in operation of the colon performed late in the course 
of the disease by the adhesiveness of normally easily 
separated planes surrounding the colon. 

Jackman and Buie * reviewed 400 patients with diverti- 
culitis and found evidence of the disease by proctosig- 
moidoscopy in 60% of the instances. It has been our ex- 
perience that in most instances of acute diverticulitis, 
spasm and pain limit this examination and prevent vis- 
ualization of sacculation of the colon. 

In 48% of our patients, a palpable mass could be found 
on either abdominal, pelvic, or rectal examination. The 
presence of this mass was confirmed in each instance by 
operation. In other series, the number of patients with 
palpable masses has ranged from 26 to 47%.!" It is im- 
portant to stress a thorough rectal and vaginal examina- 
tion. Fifteen per cent of our patients had masses that 
could be felt on either rectal or vaginal examination 
only. 

The most reliable radiographic sign of peridiverticuli- 
tis is the presence of extraluminal barium. This extra- 
vasated barium may outline an abscess cavity that is in 
communication with the colonic lumen. Wolf * reported 
the presence of extraluminal barium in abscesses in five 
(24%) of his 21 patients. This was seen in 15 of our 51 
cases reviewed (29%). Extravasated barium may also 
outline a fistulous communication with another viscus. 
This communication may be difficult to demonstrate on 
barium enema x-ray but can sometimes be recognized 
by other means such as cystoscopy. The most common 
radiographic finding in our cases was the presence of 
an extraluminal mass (65%), This was often seen in 
association with severe spasm or fistula. It is usually not 
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difficult to differentiate this lesion from carcinoma but it 
may be difficult to differentiate from other serosal lesions 
„such as metastatic tumor implants or endometriosis. 

^ — Severe spasm (seen in 12% of our patients) is also 
indicative of a pericolic inflammatory reaction. The dif- 
ferentiation of narrowing due to diverticulitis and that 
due to carcinoma is usually possible. Tapered edges of 
the narrowed segment with no evidence of mucosal de- 
struction is an indication of diverticulitis, Occasionally 
a perforated carcinoma may simulate this finding, but 
usually the differentiation from carcinoma can be made 
radiographically, 

Fleischner? has described the filling of an intra- 
mural abscess cavity that extended longitudinally in the 
colon wall, this is called a dissecting abscess when seen 
on barium enema x-ray. Although we found none of 


ze- these on our barium enemas x-rays, several of these dis- 


secting abscesses were noted on the detailed pathologic 
examination of the specimens. 

The demonstration of a fistula between the sigmoid 
colon and urinary bladder from diverticulitis is particu- 
larly difficult. Mayo and Blunt” found that only 20% of 
patients with bladder fistulas from diverticulitis will have 
them outlined by barium enema x-ray. Cystoscopy, how- 
ever, gave evidence of fistula in 85% of their 33 cases. 
One of our two instances of colovesical fistula was dem- 
onstrated on barium enema x-ray. 

The clinical syndrome described as diverticulitis is in 
reality usually a peridiverticulitis. This fact was evident 
in each of the specimens examined pathologically. It is 
reasonable to believe that the patient who exhibits the 

_ clinical picture of diverticulitis does indeed have a 
pericolic inflammatory response. The disease may more 
accurately be termed peridiverticulitis. It is on this basis 
that the barium enema x-ray previously thought to show 
only diverticulitis could be more broadly interpreted as 
showing pericolitis. The more classic criteria mentioned 
in the earlier part of this discussion combined with the 
more subtle changes produced by the disease increase 
the ability of the radiologist to define the extent of the 
patient’s disease. When the radiologist is able to define a 
mass, this mass is usually more extensive at operation 
than the original radiologic impression of the extent of 
the pericolitis. 

The presence of diverticula associated with the "saw 
tooth pattern" has proved to be of little value in the 

diagnosis of acute diverticulitis. Fleischner? found that 


4 when the diagnosis of diverticulitis was made on this 


7 basis alone it was indeed found in only half of the pa- 
tients as a clinical disease. More recently, the concept of 
spastic colon associated with diverticulosis has been 
proposed. This picture of spastic colon noted on barium 
enema x-ray is usually unrelated to acute diverticulitis. 
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It is felt that there is a strong tendency for these patients 
to develop diverticulosis and subsequent diverticulitis. 
Therefore, the barium enema x-ray findings of diverti- 
culitis may be superimposed upon those of spastic colon. 

The presence of an undiagnosed abscess or inflamma- 
tory mass in the abdomen presents a significant problem 
to the surgeon at the time of operation. About 20 to 30% 
of people with acute diverticulitis require surgical treat- 
ment. In these patients, the definitive resection of the 
involved portion of the colon with primary anastomosis 
is the treatment of choice. When a significant inflamma- 
tory reaction is met at operation, the surgeon is often 
forced to abandon the goal of primary anastomosis and 
perform some diversionary procedure instead. This cre- 
ates the need for a staged procedure with its added mor- 
tality and morbidity. 


Summary 


We reviewed the records of 105 consecutive patients 
who were proven by pathologic examination to have 
diverticulitis. Of these, 76 had barium enema x-rays 
performed prior to operation. Fifty-eight of the 76 pa- 
tients (76%) had gross inflammatory masses proven by 
operation, or pathologic examination. An attempt was 
made to evaluate the clinical and especially radiographic 
accuracy in the diagnosis of peridiverticulitis. Retro- 
spective review of the preoperative barium enema x-ray 
failed to show evidence of mass formation or peridiver- 
ticulitis in seven (or 14%). We found that at times large 
masses produced by diverticulitis are not suspected 
clinically. Barium enema x-ray performed early in the 
course of diverticulitis is more likely to demonstrate the 
full extent of involvement. 
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Cholecystopyloric Fistula with Gastric Outlet Obstruction: 


A Rare Form of Gallstone Ileus and its Management 


MARSHALL E. REDDING, M.D., C. E. ANAGNOSTOPOULOS, M.D., 


p OBSTRUCTION secondary to gallstones is no 
longer considered a rare complication of cholelithia- 
sis and cholecystitis. However, the occurrence of a fistu- 
lous communication between the gallbladder and pyloric 
antrum resulting in gastric outlet obstruction by gall- 
stones is indeed rare. 

In the past, the majority of surgeons reporting on 
gallstone ileus were of the opinion that no attempt should 
be made to resect the cholecystoenteric fistula during 
the initial procedure to relieve acute obstruction. More 
recently though, after reviewing the large morbidity 
which attends enterotomy alone, more and more sur- 
geons are advocating aggressive primary approach to 
the management of gallstone ileus. 

This paper reports a case of cholecystopyloric fistula 
with gallstones impacted in the pylorus, gastric antrum 
and duodenum resulting in gastric outlet obstruction 
and treated by primary cholecystectomy, closure of 
the pyloric fistula, Jaboulay gastroduodenostomy and 
vagotomy. 


Case Report 


A 64-year-old woman was admitted to the Yale-New Haven 
Hospital on May 27, 1969 for further evaluation of recurrent 
abdominal pain and intractable vomiting. 

Two years prior to admission, she had been hospitalized in 
another hospital because of abdominal pain and vomiting and 
was told that she needed to have her gallbladder removed. 
Thereafter, she remained asymptomatic until approximately 3 
months prior to admission when she again developed upper ab- 
dominal pain described as radiating to the back and to the right 
scapula. Pain was associated with repeated episodes of post- 
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prandial vomiting which characteristically afforded relief. There 
had been an associated 10-pound weight loss. 

At the time of initial outpatient evaluation, an oral cholecysto- 
gram demonstrated retention of dye in the stomach. Subsequent 
upper gastrointestinal x-ray showed a massively dilated stomach 
with complete pyloric obstruction (Fig. 1). 

Pertinent physical findings at the time of her admission to the 
Yale-New Haven Hospital were limited to the abdomen. An 
irregular, ill-defined, tender, firm, immobile mass was localized 
in the epigastrium. The liver was not enlarged and no subcostal 
tenderness was present. There was no jaundice. Admitting diag- 
nosis was duodenal ulcer with obstruction. 


Laboratory Data: 


Hematocrit 39 vol. % 
WBC 9,500 with 21% eosinophils 
Amylase 200 units 


Liver function tests normal 


Hospital Course: Nasogastric decompression at the time of 
admission revealed large quantities of retained food and gastric 
secretions. After 5 days of IV fluids and nasogastric suction, re- 
peat upper gastrointestinal x-rays revealed persistent gastric out- 
let obstruction. The intragastric filling defect visualized on these 
films was interpreted as inspissated material around the in- 
dwelling N-G tube. 

With the preoperative diagnosis of obstructing duodenal ulcer, 
exploratory laparotomy was undertaken on May 5, 1969. The 
distal antrum, proximal duodenum and omentum were intimately 
involved in an inflammatory mass along the undersurface of the 
left lobe of the liver. Initially, the gallbladder was totally ob- 
scured. The second and third portions of duodenum were ede- 
matous, but were not involved in the inflammatory mass. After 
identification of the gallbladder and confirming that it represented 
one wall of the inflammatory mass, cholecystostomy was per- 
formed. Several 1-2 cm. stones were present in the gallbladder. 
Digital exploration from the gallbladder retrograde through the 
pylorus encountered a 2.5 cm. stone impacted in the pyloric 
antrum (Fig. 2). Another 2 cm. stone was extracted from the 
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p Fic. 1. X-ray showing massively dilated stomach complete pyloric 
obstruction. 


duodenal bulb. After adequate identification of vital portal struc- 
tures, cholecystectomy and fistulectomy were accomplished. Ab- 
sence of choledocholithiasis was confirmed by common duct ex- 
ploration. Transverse closure of the pyloric opening was thought 
inadequate due to the severe inflammatory response. Hence, it 
was elected to perform a vagotomy and Jaboulay gastroduode- 
nostomy. 

Except for a urinary tract infection, the patient had a benign 
postoperative course and remains well more than one year after 
operation. 


Discussion 
1. Incidence 


Cholecystoenteric fistula with gallstone ileus repre- 
sents an unusual, and often unsuspected complication of 
cholelithiasis. The reported incidence of small intestinal 
obstruction by gallstones among large series is between 


Fic. 2. Operative photo- 
graph and artist's draw- 
ing of impacted cholecys- 
topyloric stone. 
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1% and 32.1715 The incidence is considerably greater in 
the population over 65 years of age, reportedly between 
93% and 254.5!*!* Previous reports concluded that 0.3 
to 0.5% of all cases of cholelithiasis ultimately result in 
gallstone ileus.^^.? However, with the current trend of 
more aggressive approach towards asymptomatic gall- 
bladder disease, the incidence is probably declining. 

The majority of enteroliths secondary to cholecysto- 
enteric fistulae pass spontaneously and among some 
larger series, the reported frequency of obstruction by 
enteroliths following fistulization has been as low as 
6%.1:13.17 By the time of Cooperman’s report * in 1968 
fewer than 800 cases of gallstone ileus had been re- 
ported in the literature. 

Despite the fact that the most frequent site of perfora- 
tion into the gastrointestinal tract by gallstones is the 
duodenum, there were only 52 reported cases of duo- 
denal bulb obstruction by impacted gallstones at the 
time of Simonian’s report in 1968.'° 

Far less commonly encountered than small intestine 
obstruction by gallstones is gastric or duodenal obstruc- 
tion. In 1957, Defeo et al. could find only 31 reported 
cases of cholecystogastric fistulae. After reviewing the 
English literature, we can find no more than three addi- 
tional cases reported over the past decade. Prior to 1968, 
a total of only ten cases of intragastric gallstones had 
been documented.' A subsequent series included three 
additional cases.! The rare frequency with which ob- 
structing intragastric stones are encountered is best ex- 
plained on the high probability of their being expelled 
by vomiting. 


2. Management 


Until recent years, surgeons almost uniformly agreed 
that only enterotomy for relief of intestinal obstruction 
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should be attempted during the primary procedure, This 
principle was undoubtedly a reflection of the prohibitive 
postoperative mortality associated with the disease in 
the not too remote past. Raiford ! in 1961, and Ander- 
son, et al. as recently as 1967, reaffirmed this concept. 

However, more recent authors, having reviewed the 
immediate and long-term complications attending en- 
terotomy alone, have advocated a more aggressive ini- 
tial approach which includes cholecystectomy and fistula 
repair in conjunction with enterotomy for obstruction. 
This concept is not a new one, for in 1922, Pybus '* 
resected a cholecystoduodenal fistula and perfor med 
cholecystostomy during ileotomy for obstructing gall- 
stones (a catastrophe resulting from recurrent gallstone 
ileus in an earlier case had prompted this more aggres- 
sive approach). Holz, in 1929, inadvertently entered a 
cholecystoduodenal fistula while attempting to extract 
an impacted duodenal stone, While forced to close the 
fistula, he elected to remove the gallbladder. Despite the 
feasibility of the approach, the lack of its acceptance is 
best illustrated by the fact that in 1967 when Cooper- 
man + reported the largest individual series (eight pa- 
tients) treated by primary cholecystectomy, the total 
number of reported cases was no more than ten.? 115.19 
( Other reported cases of primary resection for gallstone 
ileus prior to that time were not done electively ). Re- 
viewing the English literature since 1968, we can find 
only one additional report of successful fistula resection 
and cholecystectomy." 

Several excellent articles appearing over the past dec- 
ade consider in detail the subject of primary versus 
staged resection of cholecystoenteric fistula with gall- 
stone ileus. 79.5 More recent data would indicate 
that with proper patient selection and preoperative 
preparation, one stage cholecystectomy and enterolithot- 
omy for gallstone ileus is not attended by a significantly 
higher mortality than is enterotomy alone, even when 
considered in light of the fact that there has been a pro- 
gressive decline in mortality following enterotomy only 
over the past several decades. In the largest reported 
series of elective one stage resections, the operative mor- 
tality was 132 (one death in eight patients); the author 
quoted the mortality following enterotomy as 13%.* Fur- 
ther case reports are needed to substantiate the validity 
of this appealing principle which offers the benefit of 
dealing with the entire disease process during one op- 
erative procedure, and thus eliminating the high morbid- 
ity known to follow enterotomy alone. 


ANAGNOSTOPOULOS AND WRIGHT Ann. 


Surg. * Aug. 1972 
Summary 


A rare case of cholecystopyloric fistula associated with 
intragastric and duodenal gallstones resulting in gastric 
outlet obstruction is prese nted. The patient was success- 
fully managed through one-stage cholecystectomy and 
relief of obstruction by Jaboulay gastroduodenostomy 
and vagotomy, 
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Blunt Abdominal Trauma in Children 


RAUMA is the leading cause of childhood mortality. 
T the alarming rise in automobile accidents has re- 
sulted in a marked increase in abdominal injuries which 
causes it to rank third among causes of accidental death 
behind head injuries and burns. This report outlines the 
experience with blunt abdominal injuries in children 
under age 14 at the University of Kentucky Medical Cen- 
ter from 1962 through 1969, 


"Clinical Material 


The charts of all patients seen in the emergency room 
in the 8-year period were reviewed for possible abdomi- 
nal injury. All patients injured by automobiles, falls and 
other accidents that might possibly have produced blunt 


. injury were evaluated. Over 8600 charts were reviewed 


with the majority of the patients sustaining relatively 
minor injuries not requiring hospital admission. Eighty 
children under 14 years of age suffered a significant 
blunt abdominal injury prompting hospital admission. 

After evaluation by the Pediatric Surgery Service 40 
children were thought to have sustained intra-abdominal 
injury and underwent abdominal exploration. An addi- 
tional 40 patients were carefully followed, but were felt 
to have insufficient abdominal findings to warrant an ex- 
ploration. The physical findings, laboratory results, and 
subsequent hospital courses of these two groups are com- 
pared. 

The age range was from one day to 14 years with a 
mean age of 8.7 years. Sixty per cent of those injured 
were males. Fifty per cent were passengers in vehicles 
while 25 per cent were pedestrian injuries. Ten per cent 
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were hurt in falls with playground injuries, battered 
children and birth injuries comprising the remainder. 


Initial Evaluation of the Injured Child 


Initial management of an injured child is similar to 
other accident victims in that the assurance of a proper 
airway always receives top priority. Halting of hemor- 
rhage, treatment of shock and other resuscitative meas- 
ures are initiated as required. Only after the patient is 
stable is the evaluation of injury begun. 

Initial clinical evaluation of these children is extremely 
difficult because multiple system injuries often obscure 
abdominal findings. Fear and apprehension make this 
evaluation doubly difficult. 

Table 1 compares the initial findings on clinical ex- 
amination of those children who underwent abdominal 
exploration and those who did not. A systolic pressure 
of less than 80 mm, Hg and pulse of greater than 140/ 
min. were present in 16 of those subsequently explored 
while only two not explored had such findings. Other 
signs of trauma are less clear-cut with little differences 
being found between those explored and not explored in 
physical findings such as abdominal tenderness, absent 
bowel sounds, and positive external signs of trauma. 

Although the average findings in a group of patients 
may not be strictly applicable in the evaluation of an 
individual child, they indicate that the differences in 
physical examination between a child with severe injury 
and relatively minor injury are often rather subtle. An 
unmarked abdominal wall often harbors an abdomen 
with severe visceral injuries. Only careful serial abdomi- 
nal examinations can detect early signs of a changing 
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TABLE 1. Clinical Findings on Initial Examination 
Abdominal Exploration No Exploration 
(40) (40) 
No. % No. % 
Shock 16 40.0 2 5.0 
Abdominal Tenderness 34 80.5 29 70.2 
Absent Bowel Sounds 21 50.2 17 40.2 
" External signs: 
contusions, abra- 
sions, etc. 23 50.7 22 50.5 


Clinical findings were similar in both groups, except for the 
presence of shock, making prompt diagnosis difacult. 


intra-abdominal picture. Bowel sounds are extremely 
labile in children and the absence of bowel sounds has 
not been a particularly useful diagnostic criterion in our 
experience. 

Multiple system injuries are common in these children 
presumably due to predominance of automobile acci- 
dents. Table 2 indicates the frequency of associated in- 
juries. Injuries to the central nervous system, chest, and 
bones were common in both groups. One-third of those 
explored had neurologic or thoracic injury while nearly 
one-half had fractures. Multiple injuries often over- 
shadow the abdominal problem and require that one 
surgeon concerned with total patient care manage the 
child. 

Since the clinical evaluation of injured children is dif- 
ficult, baseline laboratory studies may be beneficial and 
should be obtained. We routinely draw blood for a white 
blood count and hematocrit along with a sample for 
cross-match if transfusion is at all likely to be needed 
when the intravenous fluids are started in the emergency 
room. The white blood count is generally elevated (Ta- 
ble 3) but such elevations are non-specific although 
splenic injuries are often associated with extremely high 
white counts. Depression of the hematocrit usually does 
not occur for several hours following bleeding. Several 
children in whom the injury occurred several hours be- 
fore admission had low hematocrits. Serial determina- 
tions of the hematocrit level is mandatory if any intra- 
` abdominal bleeding is suspected. 

Two-thirds of the patients had abdominal roentgeno- 
graphs. The findings were generally non-specific with 


TABLE 2. Associated Injuries 
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TABLE 3. Admission Hematology 








Test Explored (40) Not Explored (40) 
No. of Pts. No. of Patients 
White Blood Counts ———— 
45 3 
5-10 7 19 
10-15 12 9 
15-20 12 6 
>20 8 3 
Hematocrit (%) 
<30 3 0 
30-35 4 2 
36-40 9 5 
>40 26. 33 








Those requiring abdominal exploration tended to have high 
leukocyte count and a lower hematocrit. 


nearly one-fourth of the 80 patients having dilated loops _ 
of bowel consistent with an adynamic ileus. There were 
several cases, however, in which specific x-ray findings 
such as free intra-peritoneal air prompted an immediate 
exploration. 

Clinical evaluation may be difficult and laboratory 
studies seldom lead to a diagnosis making additional 
diagnostic studies useful. Abdominal paracentesis had 
been employed in children using the method of Root.4 
Twenty-six of the 80 children evaluated underwent peri- 
toneal taps (Table 4). There were 16 taps of the 40 
patients who underwent abdominal exploration with 15 
of these being positive and one negative. There was one 
false positive tap in this group which resulted in a nega- 
tive abdominal exploration. Ten children in the group 
not explored underwent negative paracentesis. The over- 
all accuracy of this maneuver was 96 per cent. 


Specific Organ Injury 

After a diagnosis of intra-abdominal injury the patients 
were stabilized and taken to the operating room. All 
laparotomies were carried out initially through a midline 
incision. The spleen was most.commonly damaged fol- 
lowed by liver, kidney and intestinal injuries (Fig. 1). 
Splenic ruptures occurred in 17 patients. Six of these 
injuries occurred following rather trivial trauma, and 
three spleens were felt to be enlarged. The spleen was 
removed in all instances after controlling the vascular 


TABLE 4. Abdominal Paracentesis 








Explored (40) Not Explored (40) 





Shock 16 (40.0%) 2 ( 5.0%) 
CNS 13 (32.5%) 10 (25.0%) 
Chest 12 (30.0%) 8 (20.0%) 
Farctures . 18 (45.0%) 10 (25.0%) 





Abdominal Exploration (40) 
16 Taps 
— 15 positive 
— 1 negative 
No Abdominal Exploration (40) 
10 Taps—All negative 








Most children had multiple system injuries reflecting high number 
of auto accidents and further confusing diagnostic picture. 


One “false positive tap" prompted a negative laparotomy but 
overall paracentesis had 95 per cent accuracy. 
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pedicle to halt bleeding. Six patients had other intra- 
abdominal injuries which required further operation. 

Eleven patients had liver injuries with major hepatic 
resections done in five. One death occurred in this group 
in a child with an avulsed gallbladder who also suffered 
severe neurologic injury. The hospitalization averaged 
16 days in this group but most recovered uneventfully. 
The frequency of liver injuries in children was greater 
than in our adult population perhaps due to the less 
rigid thoracic cage of the child which has been felt to 
increase hepatic injuries in the pediatric group." 

Urologic injuries occurred in eight patients who had 
six kidney fractures and two ruptured bladders which 
required repair. Three of the children with renal injuries 
had abnormal kidnevs. One child had a major tear in a 
horseshoe kidney while two were hydronephrotic. There 
was one death in this group. 

A significant number of intestinal injuries occurred with 
five blow-out injuries recorded along with three tears 
of the mesentery. One child died due to a partially tran- 
sected duodenum which went unrecognized for nearly 
2 days because of associated head trauma. 

Six patients (15%) underwent an abdominal explora- 
tion that revealed no significant pathologic change. One 
negative exploration was prompted by a false-positive 
tap and three were done because of unexplained shock 
and associated neurologic injuries which made explora- 
tory laparotomy mandatory. All of these patients recov- 
ered although two had protracted hospitalizations be- 
cause of their neurologic problems. 

The mean number of hospital days for those explored 
was 12.8 days while those who were not explored were 
hospitalized for 5.3 days. Twenty-one of the children op- 
erated on required blood transfusions averaging 695 ml. 

There were two deaths in the group which was not 
explored while four died who underwent abdominal op- 
eration for a total mortality rate of 7.5 per cent. The two 
deaths in patients not explored were related to head 
trauma although intra-abdominal bleeding was suspected 
in one. Three of the four patients dying after abdominal 
exploration had extensive neurologic damage. In addi- 
tion they had transected duodena, ruptured livers with 
avulsed gallbladders, and ruptured spleens, One patient 
died primarily of the multiple abdominal problems which 
included colonic and urogenital injuries with a fractured 
pelvis. 


Discussion 
The problem of non-penetrating abdominal injuries in 
children has increased enormously with the increasing 
use of the automobile and concomitant rise in accidents. 
The severity of the injuries seen in our population with 
a high degree of associated injuries appears related to 
the high proportion of vehicle-related accidents (nearly 
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NO. OF INJURIES 





Liver 


Spleen 


Urologic Intestine Retro— Negative 


peritoneal Exploration 
ORGAN INJURED 


Fic. 1. Frequency of intra-abdominal organs injured with 15% hav- 
ing negative laparotomies. 


85%). This is in contrast to a series of 72 patients from 
Boston Children’s Hospital in which only 182 were in- 
jured in automobile accidents, consequently only ten 
children had associated orthopedic, neurosurgical or 
thoracic injuries. Any question about intra-abdominal 
trauma in a child tends to be difficult to resolve, but 
multiple-system trauma especially with head injury 
clouds the picture further. 

Routine laboratory studies and abdominal films should 
be obtained but the findings are often non-specific and 
are not diagnostic. Abdominal paracentesis had been 
used in about one-third of our patients and has been a 
better diagnostic tool in children than in our adult pop- 
ulation.? Possible explanations are that the child's omen- 
tum is less well-developed than in an adult and fewer 
children have had previous laparotomies with resultant 
adhesions. 

Minimal injury in children often results in serious 
trauma. Chamberlain! has stressed that children often 
have pre-existing lesions such as a hydronephrotic kid- 
ney that are more susceptible to damage than a normal 
organ. This was true in our experience where one-half 
of the renal injuries occurred in abnormal organs and 
several ruptured spleens were enlarged. 

The mortality in the group of 40 patients who were 
explored was 10% which compares favorably with other 
reported series. Feix et al? reported four deaths among 
47 children requiring operation in a 4-year period. In 
our series three of the deaths were complicated by head 
trauma. Diagnosis was delayed in two patients and this 
may have contributed to their subsequent death. In chil- 
dren who are difficult to evaluate we feel it is safer to 
risk a negative laparotomy than to await obvious signs 
of intra-abdominal injury which may invite catastrophe. 
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There were six negative explorations in 40 operations for 
a rate of 15%. All of these children recovered without ab- 
dominal complications. Schuster ? emphasized the need 
for prompt exploration in questionable cases and sug- 
gested that a negative exploration rate of 10% might not 
be too high. In his series of 71 children explored, who 
underwent exploratory surgery, two had no pathologic 
changes and another six had minimal lesions which re- 
quired no therapy for a negative exploration rate of 114. 

Several points should be stressed in managing blunt 
abdominal injuries in children. First, the permissible 
margin of error is not as great in a child as in an adult 
and frequent serial examinations are essential when ob- 
serving a child for possible injury. Secondly, multiple 
system injuries are common and a team approach is often 
necessary to handle these problems. Orthopedic and 
neurosurgical injuries should be managed by appropri- 
ately trained physicians. However, one physician must 
assume control of the child's management and carefully 
evaluate the abdomen to detect problems as they de- 
velop. Thirdly, if sufficient doubts persist as to the na- 
ture of the intra-abdominal injury, it is safer to risk an 
abdominal exploration than to wait until the signs of 
injury are obvious. This will assume the availability of 
anesthesia, blood transfusions and other factors that as- 
sure the best chances of recovery. 


Summary 


Eighty cases were evaluated following blunt abdomi- 
nal injury with 40 children undergoing operation while 
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40 were observed without surgical intervention. Differ- 
ences in physical findings, laboratory studies, and ab- 
dominal films in the two groups were subtle which makes 
diagnosis difficult. There were six negative explorations 
among 40 laparotomies. The mortality rate was 10% in 
those explored with associated neurologic damage being 
an important contributing factor in these deaths. No 
abdominal complications followed negative explorations. 
The need for definitive operation in uncertain cases is 
stressed. Abdominal paracentesis was correct in all but 
one of the 26 cases in which it was employed. 
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Treatment of Hamartomas of the Median Nerve 


RARE GROWTH of the median nerve has been label- 

led with the following terms: "lipofibromatous ham- 
artoma", "fatty infiltration", "intraneural lipoma”, and 
"fibro-fatty proliferation", of the nerve sheath.?-*»*!^ Re- 
view of the literature ?112.!? indicates that this lesion is 
congenital, that it is composed of an undue proliferation 
of otherwise normal cellular structures in the nerve's 
fibrous scaffold—i.e. endoneurium, epineurium, and peri- 
neurium and has the unusual feature of involving only 
the median nerve in the carpal region and proximal 
palm. It has also been occasionally associated with mac- 
rodactyly.*!" Because of the rarity of the lesion together 
with its intimate and diffuse incorporation into the nerve, 
many have advocated conservative treatment, i.e. release 
of the volar carpal ligament. We would like to report on 
our series of four patients. Two have been treated con- 
servatively, and two by complete surgical excision. 


Case Reports 


Case 1, An 8-year-old boy was admitted because of a palmar 
mass that caused pain and paresthesias when catching a baseball. 
Examination revealed a soft mass at the base of the thenar emi- 
nence which was not attached to skin or tendons. The sensory 
and motor function examination of the hand was normal. Surgical 
exploration demonstrated the mass to be a diffuse enlargement 
of the entire median nerve in the wrist that extended into the 
palm of the hand with hypertrophy of the common digital nerves 
to the thumb, index, and long fingers. The mass was seen to ex- 
tend proximally into the carpal tunnel, after sectioning the trans- 
verse carpal ligament (Fig. 1). The proximal extension was 2 
inches above the volar carpal ligament. Incisional biopsy of a sec- 
tion of the digital branch to the ring finger was taken. Pathology 
report was a lipofibromatous hamartoma (Fig. 2). He was treated 
conservatively and has been followed for 2 years. Slight enlarge- 
ment has been noted during this time, but the boy has not had 
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progression of symptoms. However, nerve conduction studies ( Fig. 
3) performed 1 year after ligament release disclosed a consider- 
able delay in firing of a significant volume of neurons (7 milli- 
seconds vs normal 3). 

Case 2. A 12-year-old boy was admitted for obesity and possi- 
ble testicular failure. Work-up studies were normal, but he was 
found to have a palmar mass which had been present for several 
years. The mass was soft and located at the base of the hand. 
Sensory and motor evaluation of the hand were normal. 

On exploration, the mass was pale yellow in color, found be- 
neath the palmar fascia and extended proximally up into the 
wrist. It was also intimately distributed in the fascicles of the 
median nerve down to its branches. After sectioning the trans- 
verse carpal ligament, a biopsy was obtained. Pathology report 
was lipofibromatous hamartoma. Fourteen months following op- 
eration, the patient is still asymptomatic. 

Case 3. A 6-year-old boy was admitted because of a mass in 
the left wrist which was present since birth. There has been a 
moderate amount of growth during the 2 years prior to admis- 
sion, but the patient was free of any sensory or motor complaints. 
On physical examination, a 3 x 1.5 cm. soft mass was found un- 
derlying the palmaris longus tendon at the wrist. Arteriographic 
studies (Fig. 4) suggested the presence of an arteriovenous shunt 
with communication primarily with the ulnar artery. 

Exploration of the wrist area disclosed a diffusely fibrotic soft 
tissue mass which incorporated the sheath of the flexor sublimus 
communis tendons as well as the median nerve. The median nerve 
was markedly swollen and incorporated in this mass from a point 
2, inches proximal to the volar carpal ligament. Part of the mass 
was excised and the median nerve was left intact, since trving to 
isolate it from the mass was impossible. Besides being invaded by 
the mass, the nerve was diffusely enlarged in its own right with 
markedly thickened fascicles running through the carpal tunnel 
area. Pathology report was cavernous hemangioma (later reclassi- 
fied as angiolipofibroma). Nine months later, because of progres- 
sion in the size of the wrist mass, re-exploration was undertaken. 
The median nerve was again noted to be diffusely involved with 
a dense fibrous growth extending down to the digital branches. 
The mass was excised with complete transection of the median 
nerve, Pathological diagnosis (Fig. 5) was angiolipofibromatous 
hamartoma, characterized by marked proliferation of the connec- 
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Fic. l(A). Eight-year-old boy (Case 1) presented with a left 
palmar mass. 
Fic. 1(B). Dissection disclosed the mass to be made up of 
diffusely enlarged pale yellow median nerve branches. 


tive tissue elements within the endoneurium and perineurium with 
both large and small vascular channels interspersed throughout. 
There was evidence of crowding and disorganization of the nerve 
cells. 

He was scheduled for nerve graft a year later and cancelled 
because of the excellent function of the hand (Fig. 7) with no 
complaints. He is now 17 years of age, plays in all kinds of sports, 
works behind a soda fountain, and makes an excellent fist, includ- 
ing good thumb adduction. He does have decreased sensation 
along the median distribution of palmar skin of the hand. 

Case 4. A 2-year-old boy was seen because of a rapidly grow- 
ing mass in the palm of the hand. The mass could be very easily 
seen in the thenar area of the hand and there was swelling in the 
distal crease of the hand. Clinical diagnosis of lipofibroma of me- 
dian nerve was made an exploration advised. On exploration, there 
was the typical fusiform enlargement of the median nerve (Fig. 
6) from carpal-tunnel area into the digital branches. The mass 
was excised and digital branches fixed with fine silk sutures for 
future nerve graft. The boy is now 16 months following operation 
and has excellent function of the hand (Fig. 6 c. d.) 
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Fic. 2. Biopsy (Case 1) shows marked hypertrophy of connective 
tissue and fat in the nerve sheath. 


Discussion 


At the present time, there is no unanimity of opinion 
in the treatment of these hamartomas. There are those ?9 
who advise conservative treatment by sectioning the volar 
carpal ligament for decompression, and follow-up reports 
indicate that the patients are symptom-free. 

It is a difficult decision to section the median nerve 
for a benign tumor. But around 12 to 14 years ago at a 
Chicago Hand Meeting, Dr. Michael Mason presented 
a similar case in a young girl. He had surgically extri- 
pated the mass and we were amazed at the excellent 
function of the hand that this girl had which required 
no reconstruction. We understand she has continued to 


WRIST-OPPONENS 





Fic. 3. Nerve conduction study (Case 1) reveals a delayed firing 
of a significant volume of neurons of the left median nerve at the 
wrist. The overall delay is twice that of the normal right side 
(6 milliseconds vs 3.). 
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Fic. (4A & B). Case 3. Arteriographic studies disclose a vascular 
lesion of the left wrist in the region of the carpal tunnel. Serial 
studies revealed filling primarily from the ulnar artery and showed 
evidence of an A-V malformation. 


do well (communication with Dr. J. Bell). From this 
experience of Dr. Mason, our first patient (Case 3) was 
treated by resection 11 years ago. Bergman, Blom and 
Stenstrom of Sweden have recently reported an excellent 
result following radical surgery for a lipofibroma. Their 
case was interesting since they demonstrated cross-inner- 
vation from the ulnar nerve (Martin-Gruber Anastomo- 
sis). (Case 3 demonstrated the same ulnar nerve cross- 
innervation ). 

In trying to analyze the advantages and disadvantages 
of excision, and compare it with the conservative man- 
agement, the following factors need to be considered. If 
conservative treatment is decided upon, one must sec- 
tion the volar carpal ligament. Although these masses 
vary in size, they are all fairly large. A bulging mass is 
formed in the wrist-palm area following sectioning of 
the volar carpal ligament. When the median nerve ham- 
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Fic. 5(A). Case 3. Section of nerve sheath (magnification 40X ) 
showing the hypertrophic connective tissue in perineurium, epi- 
neurium and endoneurium. There is an abnormal increase in vas- 
cular elements as well. Fat proliferation is not present in these 
sections. 
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Fic. 5(C). A more peripheral section of sheath shows predominance of the hemangiomatous component. 


Fic. 6(A). Two year old 
boy with palmar mass 
(Case 4). 

(B). Large mass involv- 
ing the median nerve, 
and hypertrophy of com- 
mon digital nerves. 

(C). Six months follow- 
ing surgery showing 
thumb action. 


(D). Child making a fist. 
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T(A). Thumb action in boy 11 years following surgery 
(Case 3). 

(B). Boy 17 years of age making a fist 11 years following surgical 

excision of the median nerve with the mass. 


Fic. 


artoma is superimposed on a hand with a sectioned trans- 
verse carpal ligament, a large cumbersome mass is present 
in the hand. This bulging mass does become disfiguring 
as seen in Dr. R. McCormack’s patient (Fig. 8). A large 
mass in the palm of the hand of a man would of neces- 
sity affect such sports as baseball, hand ball, or golf and 
would be a real problem to many manual laborers. 
Nerve conduction studies at wrist indicate that there 
is a delay in the firing of the median nerve at the wrist 
in the conservative treated cases. Cases have also been 
reported indicating motor and sensory disturbance in 
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untreated. cases. In the two patients treated with exci- 
sion, the conduction velocity of the median nerve to the 
thenar musculature is slightly decreased. In the 2-year- 
old boy (16 months postoperative ) the median nerve con- 
duction velocity was 42.6 meters per second compared 
to a normal of 49, and in the 17-year-old boy (11 years 
post-op) it was 38.4 meters per second compared to a 
normal of 49, 

If we had a preserved bank nerve graft to be used in 
a young child, this would be ideal. Then nerve continu- 
ity (sensory) could be established early. 

Although complete section of the median nerve for a 
benign tumor seems a radical form of treatment, we be- 
lieve the good functional result that we and others have 
had should make it a worthwhile consideration in the 
treatment of angiolipofibroma or the bulky lipofibroma 
of the median nerve. If immediate nerve graft could be 
done, this would be ideal. 


Summary 


Four cases of median nerve hamartomas have been 
presented; three were lipofibromas and one, an angio- 





Fic. 8(A & B). (Case of Dr. Robert McCormack ) Elderly man 
underwent sectioning of volar carpal ligament for median nerve 
hamartoma. The mass in this case is unusually bulky and is a 
definite hinderence for normal hand function. 
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lipofibroma. Two patients were treated conservatively 
with volar carpal ligament division, and two were sur- 
gically excised. Follow-up studies and a discussion of 
both types of therapy are presented. 
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Kinetics of Burn Edema Formation in Primates 


B URN SHOCK appears to result from the accumulation 
m of fluid in the burn wound. Burn edema forms very 
rapidly and then changes little in the ensuing hours. 
Microcirculatory studies have shown marked slowing of 
blood flow at the capillary level with sludging and stasis 
of red cells. Pathologic studies suggest that the wound 
becomes sequestered from the rest of the body. 

On the other hand, studies in other forms of shock 
have failed to demonstrate decreases in red cell mixing 
rate or ultimate dilution volume." In studies on burned 
rats, Broido ! was. unable to demonstrate any change in 
the sodium space in the first 4 hours. Since aggressive 
fluid therapy might well alter tissue perfusion, whether 
there is, in fact, true sequestration is of some importance. 

The present study was undertaken to evaluate the ex- 
changeability of sodium, albumin and red cells within 


=- the burn wound, and to determine the dilution volumes 


of these same substances as a function of time after burn- 
ing. In addition, the use of these particles, which vary 
widely in size, permits further dissection of the patho- 
physiologic processes which result in burn wound edema. 


Methods 


Conditioned Rhesus monkeys (macacca mulatta) 
weighing 4-5 Kg. were clipped but not shaved on the 
day prior to burning and then fasted overnight. Animals 
were anesthetized with Sernylan®, 1 mg./Kg. intra- 
muscularly. Internal jugular veins and common carotid 
arteries were cannulated and a tracheostomy was per- 
formed. Vital signs were recorded throughout the experi- 
mental period by means of pressure transducers, and 
adequate respiration was insured by means of a respi- 


- rator using compressed air. 


Standardized burns of approximately 50% body sur- 
face area were produced by immersing the animal in 
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water at 90°C. for 15 seconds according to the method 
previously described.* At specific times after burning a 
measured aliquot of isotopes was injected intravenously: 
??NaC], 4 uc/Kg., +I RISA, 20 uc/Kg., and 5!'Cr tagged 
RBCs, 80 uc/Kg. Duplicate skin and blood samples were 
taken at 1, 3, 5, 10, 15, 30, 60, 120 minutes after injec- 
tion. Skin specimens were exactly 1 cm? in surface area 
and were taken in the frozen state as previously de- 
scribed.? 

Skin and blood samples were analyzed for isotope con- 
tent by means of spectrometric scintillation counting and 
differential decay separation. All red cell and plasma 
specimens were diluted to a volume of 1 cc. prior to 
counting. Since skin specimens were exactly 1 cm? in 
surface area, all data for skin is related to area, not 
weight. Ten animals were studied at each of five injection 
times: control (unburned), 5 min., 10 min., 20 min., and 
60 min. postburn. 


Results 


1. Skin 


À. Sodium (Fig. 1). In the unburned monkey, there 
was a rapid rise of isotopic sodium during the first 10 
minutes after injection. Skin concentration then remained 
very constant over the next 2 hours. Sodium injected 5 
minutes after burning appeared much more rapidly in 
the skin and reached a level three times control value 
within 5 minutes after injection. An even plateau was 
maintained for about 1 hour and then there was a grad- 
ual decline of about 20% in the next hour. 

Isotopic sodium injected 10 minutes after burning 
also showed an increased rate of uptake reaching a 
level two and one-half times that of control values by 
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Fic. 1. Skin content of 22Na as a function of time after injection 
of isotope. Counts per cm? standardized for counts injected and 
animal weight. Injections at 5, 10, 20, and 60 minutes postburn. 
Each point represents the mean of duplicate samples from ten 
animals in each injection group. Vertical bars represent one SE. 
Skin uptake is markedly increased in the first 10 minutes after 
burn and -then decreases to less than unburned control values 
when injection is carried out one hour postburn. 


10 minutes. As with the 5-minute postburn injection, the 
skin level remained stable for approximately 1 hour and 
then declined slowly in the second hour postinjection. 
Sodium injected 20 minutes postburn appeared more 
slowly in the burned skin, plateauing at 15-20 minutes 
at a level slightly higher than unburned skin. Following 
this there was a continued very slow increase in skin up- 
take over the next 100 minutes. Injection at 60 minutes 
postburn was followed by a markedly delayed uptake 
in the burned skin. A true plateau was never reached. 
Sodium uptake continued to rise slowly throughout the 
study, but did not reach control levels by 120 minutes 
postinjection (3 hours postburn ). 

B. Albumin (Fig. 2). Unburned monkey skin showed 
virtually instantaneous appearance of injected isotopi- 
cally labeled albumin, which then remained at a remark- 
ably constant level. Injection of !?!I albumin 5 minutes 
after burn was followed by a very rapid uptake in the 
burned skin, reaching ten times control values within 
5 minutes and further increasing to 20 times control val- 
ues by 20 minutes postinjection. In the second hour 
postinjection there was a gradual decline of about 30% 
from peak values. 

When RISA was injected 10 minutes after burning 
cutaneous uptake was almost as rapid as that seen after 
injection at 5 minutes. Peak levels were samewhat lower, 
however, reaching sixteen times control values. As with 
the injection at 5 minutes postburn, there was then a 
gradual decline of about 30% in the second postinjection 
hour. 

By 20 minutes postburn, skin appearance of injected 
RISA was much slower, but a plateau was reached at 20 
minutes which was maintained well through the follow- 
ing 140 minutes. This level was seven times control 


LEAPE 


Ann. Surg. * Aug. 1972 
CTS cu* 


CTS. INJ./ KS. m 


D iU ALBUMIN 
— — m 
| ~~ 





dep -— 


Oa Eme om em me me we me ma saa Á EE a eo UNBURNED 


0 1020 40 60 120 180 
* TIME AFTER BURN 
(MINUTES) 


Fic. 2. Skin 181 albumin uptake after injection of isotope at 5, 
10, 20 and 60 minutes postburn. Mean values of duplicate speci- 
mens from ten animals in each injection group. Sixty minute values 
are three times control levels even though much lower than 5- 
minute peak values. 


value. Even at 60 minutes postburn albumin injection 
was followed by significantly increased skin uptake and 
equilibrium values at 20 minutes equal to three times un- 
burned levels. 

C. Red Cells (Fig. 3). Injection of "1Cr labeled autol- 
ogous red cells in the normal monkey resulted in rapid 
appearance in the skin with equilibrium values attained 
by 3-5 minutes. The concentration then remained con- 
stant throughout the 2-hour observation period. Injec- 
tion 9 minutes postburn also resulted in rapid appearance 
in the skin and achievement of equilibrium values within 
the first 5 minutes. This value was approximately one- 
third higher than unburned skin and essentially un- 
changed in the ensuing 2 hours. At 10 minutes postburn, 
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injection of isotopically labeled autologous red cells was 
followed by a much more gradual accumulation in the 
skin and equilibrium values were not reached until 30 
minutes postinjection. This value was double that of 
unburned skin and was maintained throughout the 
2-hour observation period. Twenty minutes postburn, 
injection of Cr RBCs was followed by gradual accumu- 
lation in the skin over 15 minutes and equilibrium values 
which were not significantly different from those at 5 
minutes. f 

By 60 minutes postburn, injection of isotopically la- 
beled red cells was followed by a slow equilibration over 
a 30-minute period and a final equilibrium value 17% 
below control level. 


IL Spaces 


A. Sodium (Fig. 4). Sodium space, as calculated from 
counts injected/Kg. divided by counts/cc. of plasma, 
showed a rapid initial distribution, reaching 15% of body 
weight by 10 minutes, and 20% by 30 minutes postin- 
jection. There was then a gradual increase over the fol- 
lowing 90 minutes to 250 cc./Kg. Equilibrium was not 
reached during the study period. Calculated sodium 
space in burned animals was no different from that in the 
unburned control, except for those in which injection 
was performed 60 minutes after burning. The equilibra- 
tion curve for this group lagged behind the others, but 
was essentially parallel. 

B. Albumin (Fig. 5). In contrast, albumin space is 
temporarily increased when injection is carried out 5 
minutes postburn. It then gradually decreases so that 


Na”? SPACE 





30 


60 


TIME AFTER INJECTION 
(MINUTES) 


120 


Fic. 4, Na?? space calculated from counts injected/Kg. divided by 
counts/cc. of plasma. Each point represents the mean of deter- 
minations from ten animals in each injection group. There is no 
significant difference until injection at one hour postburn. 
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Fic. 5. 121] albumin space, cc./Kg. in each of 5 groups of animals 
with injections at 5, 10, 20, and 60 minutes postbum. Albumin 
space at 20 and 60 minutes is significantly lower than earlier 
values. Each point represents the mean value from ten animals in 
each injection group. 


injection at 20 or 60 minutes postburn results in an 
equilibration curve approximately 20% lower than that 
in unburned controls, though parallel to it. There is a 
continual slow increase in the albumin space with time 
as it leaves the vascular compartment. 

C. Red Cells (Fig. 6). Red cell injection was followed 
by attainment of equilibrium within 15 minutes regard- 
less of when postburn injection was performed. Equi- 
librium curves were then flat, indicating no loss of red 
cells from the vascular compartment. It was not pos- 
sible to demonstrate a significant difference in red cell 
equilibrium levels during the first hour postburn. 


Discussion 


Although skin uptake of all three isotopes was mark- 
edly increased during the early hyperemic phase (first 10 
minutes), it progressively decreased thereafter as stasis 
ensued. By 20 minutes postburn, skin exchangeable al- 
bumin was less than J4 peak value, sodium less than 14. 
Exchangeable skin red cells were % of peak values. By 
one hour postburn further sequestration had occurred so 
that 14 of the red cells, 34 of the sodium, and 5% of the 
albumin in the burn wound no longer had access to the 
circulation. 

Alterations in dilution volumes, or "spaces," reflected 
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Fic. 6. 51Cr RBC space in cc./Kg. Mean values for ten animals in 
each injection group. There is no significant difference in the study 
groups. 
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the magnitude of the skin changes. Skin albumin showed 
the most marked increase initially and the greatest de- 
gree of sequestration. Similarly, the albumin space meas- 
urements demonstrated the gratest decrease with later 
injections. Extrapolated equilibrium values reveal a de- 
crease of approximately 20% in the albumin space at 20 
and 60 minutes postburn when compared to unburned 
or immediate postburn values. 

Sodium space was. unchanged until 60 minutes post- 
burn when it measured 20% below earlier values. Since 
the sodium space includes the entire extracellular fluid 
. volume and is 6-8 times as great as the albumin space, 

it is not surprising that little change is noted until the 
one hour postburn injection. 

Red cell space was apparently unaffected early in the 
postburn period. It is not clear why no decrease in 
red cell space was demonstrated. Since these animals 
were not splenectomized, it is possible that splenic con- 
traction after burning furnished an additional amount of 
red cells equal to those sequestered in the wound. How- 
ever, this assumes that splenic red cells are not normally 
exchangeable in the unburned animal which seems very 
unlikely. It must be concluded that the quantity of red 
cells trapped in the burn wound during the first 60 min- 
utes is not sufficient to be detectable by this method. As 
with other forms of shock ? there is no evidence of either 
non-circulating or slowly circulating red cells due to the 
burn shock itself. Red cell mass and mixing curves are 
not significantly different in the burned animals. 

Differences in the kinetics of burn wound uptake of 
these substances when injected at various times postburn 
gives insight into the pathophysiologic mechanisms in- 
volved. Essentially confined to the vascular compart- 
ment, red cells showed the least amount of increase in 
the burned skin, being just double unburned values when 
injected 10 minutes postburn. Hyperemia appears to be 
the major mechanism of increased red cell uptake. 

Albumin rapidly leaves the vascular compartment for 
the interstitial (and intracellular?) space. Since skin is 
relatively avascular, it has a higher interstitial/intra- 
vascular space ratio than many other tissues. Thus the 

. new "space" available for albumin is much greater than 
in the unburned state. Increased. vascular permeability 
appears to be the major factor leading to transfer of 
albumin. 
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Sodium, on the other hand, has free access to the 


"interstitial fluid in the normal state. Since its transfer in 


the burn exceeds that of water by 4+ its threefold in- 
crease may reflect not only diffusion into the interstitial 
fluid, but also movement into cells. Such movement is 
possible ir cell membranes are injured and the sodium 
active trarisport mechanism breaks down. 


Summary 


Injection of isotopically labeled sodium, red cells, and 
albumin in burned primates at various times postburn 
revealed marked differences in the skin uptake of iso- 
topes, dernonstrating progressive sequestration of the 
burn wound with regard to all three particles. Albumin 
sequestration was most marked, although sodium and 
red cells also demonstrated significant differences. 

Albumin “space” at 20 and 60 minutes postburn meas- 
ured 20% less than burn values. Sodium space showed no 
alteration until 60 minutes postburn, and red cell space 
was unaffected. The latter may merely reflect the small 
percentage of circulating red cells normally found in the 
skin. 

Variations in behavior of the three isotopically labeled 
particles support the concept that different mechanisms 
are operative. Vascular dilatation appears to be the pri- 
mary factor in red cell accumulation. Increased vascular 
permeability would account for the changes with al- 
bumin. Measured sodium transfer is consistent with dif- 
fusion effects and the breakdown of active sodium trans- 
port mechanisms. 
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Efficacy of Preoperative Antimicrobial 


Preparation of the Bowel 


RONALD LEE NICHOLS,* M.D., ROBERT E. CONDON,** M.D., 
SHERWOOD L. GORBACH,*** M.D. LLOYD M. NYHUS,**** M.D. 


N AN EFFORT to reduce the incidence of serious infec- 
tions following operations on the colori, a variety of 
antimicrobial agents has been administered prior to op- 
eration. Numerous clinical studies advocating preopera- 
tive mechanical cleaning alone or in combination with 
various antimicrobials have been reported in the last 
three decades.!? The results of these studies are not con- 
clusive since most patients have been studied retrospec- 
tively. Furthermore, the bacteriologic methods often 
have been inadequate to recover the full range of both 
aerobic and anaerobic microorganisms. 
The assumption implicit in all recommendations of 
preoperative oral antimicrobial preparation of the colon 
is that the antimicrobials are effective in vivo in reducing 


© ~ or eradicating fecal bacteria. 


The objective of this investigation was to measure, in 


a prospective, controlled trial, the efficacy of several f 


regimens of preoperative antimicrobial colon prepara- 
tion. The effect of these antimicrobial agents on the 
bacteria of the ileum and intra-abdominal colon was 
studied by direct needle aspiration of bowel content at 
operation. 


Methods 


Patient Selection and Preparation 


The study group consisted of 36 patients admitted to 
the University of Illinois Hospital to have an elective 
cholecystectomy for chronic calculous cholecystitis. In- 
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formed consent was obtained from all subjects. They had 
not received antibiotics for a month nor enemas or 
cathartics for at least 2 weeks prior to hospital admis- 
sion. They were asymptomatic and gave no history of 
intestinal disorders other than past symptoms related 
to gallbladder disease. 

Controls and. treatments were assorted using a table of 
random numbers. Cards imprinted with the designated 
treatments were placed in sealed envelopes. After ac- 
ceptance of a patient into the study, an investigator 
assigned the patient to a treatment group by opening 
the next sealed envelope. The results of cultures were 
recorded by another investigator without knowledge of 
the treatment assigned or the clinical outcome. 

Patients were divided into six groups of six patients 
each (Table 1). The details of the mechanical prepara- 
tion are recorded in Table 2. Three antimicrobial regi- 
mens chosen for study were as reported in the literature 
by their proponents.*?9?! The neomycin-erythromycin 
combination was chosen for study by the investigators; 
erythromycin was included because of known activity 
against anaerobic bacteria.? 


Sample Collection 


During laparotomy, samples of content from the ter- 
minal ileum, cecum and transverse colon were collected 
from 4-inch segments of bowel isolated between non- 
crushing clamps. In the ileum, the clamps were applied 
2 inches proximal to the ileocecal valve; in the cecum, 
the clamps were placed 2 inches distal to the ileocecal 
valve. The transverse colon specimen was obtained from 
the midportion. Ten ml. of sterile normal (0.9% w./v.) 
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TABLE 1. Evaluation of Preoperative Antimicrobial Preparation* 
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TABLE 2. Mechanical Colon Preparation 














Mechanical Antimicrobial 
Patient Group Preparation Preparation 

I 

Untreated controls None None 

II 

Mechanical prep. Yes None 

IH 

Kanamycin Yes Kanamycin 1 Gm. hourly for 
4 doses, then six-hourly to 
total of 72 hours. 

IV f 

Neomycin Yes Neomycin 1 Gm. hourly for 5 
doses, then four-hourly to 16 
hours (last dose 4 a.m.). 

V 

Neo-sulfa Yes Neomycin 1 Gm. and phthalyl- 
sulfathiazole 1.5 Gm., together 
hourly for 4 doses; then four- 
hourly for 12 hours (last dose 
4 a.m.). 

VI 

Neo-erythro Yes Neomycin 1 Gm. and erythro- 


mycin base 1 Gm., at 1, 2 and 
11 p.m. the day before opera- 
tion. 





* Operation at 8:00 a.m. in all cases, 


saline were injected into the isolated segment of the 
ileum. Saline and bowel content were mixed manually 
for 30 seconds and the mixed content was then aspirated 
through a 19-gauge needle. The same technic was em- 
ployed in the cecum and transverse colon except that 
20 ml. of saline were used as the diluent. Prior experi- 
ence in human and animal experiments showed that this 
technic consistently resulted in a satisfactory yield of 
aspirated material from the bowel. Stool specimens were 
obtained within 4 hours of operation. 

A preliminary study of the effect of dilution on the 
concentration of bacteria recovered from the bowel lu- 
men was conducted in dogs. Nonabsorbable markers 
(U"5I-serum albumin and polyethylene glycol) were 
added to the saline diluent before injection into the 
bowel in the same manner as described above. Analysis 
of recovered specimens compared with undiluted speci- 
mens obtained directly from open bowel showed a mean 
decrease of 0.7 log;o/ml. in the concentration of aerobes 
and anaerobes in the diluted samples. 


Microbiologic Technics 


One ml. of each intestinal aspirate or 1 Gm. of stool 
were thoroughly mixed in 9 ml. of Tryptic Soy Broth 
(Difco) and serially diluted tenfold. An 0.1 ml. aliquot 
of each dilution was then spread over the surface of the 
following plates: Blood-Brain Heart Infusion Agar (aero- 
bic and anaerobic); Blood-Brain Heart Infusion Agar 
with 25 ug./ml. neomycin (aerobic and anaerobic); Mac- 
Conkey Agar; Staph 110 Agar; Mitis-Salivarius Agar; 
Schaedler Agar (CO; and anaerobic); Sabouraud-dex- 


Day 1: Low residue diet 
Bisacodyl, 1 capsule orally at 6 p.m. 
Day 2: Continue low residue diet 
Magnesium sulfate, 30 ml. 50% solution (15 Gm.) orally 
at 10:00 a.m., 2:00 p.m. and 6:00 p.m. 
Saline enemas in evening until return clear 
Day 3: Clear liquid diet; supplemental IV fluids as needed. 
Magnesium sulfate, in dose above, at 10:00 a.m. and 2:00 
p.m. 
No enemas 
Day 4: Operation at 8:00 a.m. 








trose Agar; and Nagler-neomycin Agar (anaerobic). 
Anaerobiosis was achieved in a sealed jar containing a 
cold catalyst in an atmosphere of 90 per cent hydrogen 
and 10 per cent carbon dioxide. An anaerobic indicator 
was used in every jar. 

Concentrations of microorganisms are expressed as. 
logarithms to the base 10 of numbers of colony forming 
units per ml. of intestinal aspirate or Gm. of stool (6.0 — 
106 = 1,000,000). Previous studies have demonstrated that 
the reproducibility of the methods is approximately 1.0 
log. The lower limit of recovering microorganisms is 2 
logs, ie. 100 organisms per ml. of intestinal content or 
Gm. of stool. 


Results 


Unprepared control patients (Group I) yielded sparse 
numbers of bacteria from the ileum but a luxuriant 
growth of both aerobes and obligate anaerobes from the 
intra-abdominal colon and stool (Fig. 1). 

Vigorous preparation with laxatives and enemas 
(Group II} effectively removed gross feces from the 
colon in all subjects. The concentration of coliforms in 
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Fic. 1. Microflora of the ileum, cecum, transverse colon and stool 
in six patients receiving neither mechanical cleansing nor anti- 
microbials. 
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the sparse fluid content remaining in the colon was re- COLIFORMS | STREPTOCOCCI | LACTOBACILLI 

duced in four of six patients (Fig. 2). Other aerobic 

organisms were unaltered and the numbers of anaerobic 
~~ bacteria also were unaffected (Table 3). 

Administration of kanamycin (Group II) resulted in 
decreased concentrations of aerobes in three of six pa- 
tients (Fig. 3). However, the concentration of anaerobes 
was unchanged (Table 3). 
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Fic. 3. Microflora of the ileum, cecum, transverse colon and stool 
in six patients receiving mechanical cleansing and kanamycin. 


No. of Microorganisms (logio)/mt 


Anaerobes 


Neomycin (Group IV) inhibited growth of aerobes in 
five of six patients. Growth of one or more species of 





2 e Z $ Z anaerobes at concentrations of 109-10? organisms/ml. 
d a d fa : i : : ; i 
z 5 8 3 2 5 98858 3 8858 2 8 2 . persisted in four of six patients (Fig. 4). The addition 
I] ; : iu ; iu : i : — 
a BP Boe pe dy at ee of phthalylsulfathiazole to neomycin (Group V) resulted 


" i i — in an effect similar to that of neomycin alone: aerobic 
Fic. 2. Microflora of the ileum, cecum, transverse colon and stoo oy pt : $ A 

in six patients receiving mechanical cleansing with no antimicro- growth was inhibited is five of SME subjects but anaerobes 
bials. ; persisted in three of six individuals (Fig. 5). 


TABLE 3. Effect of Antimicrobial:Therapy on Colonic Microflora (logy) mean + S. E. organisms /ml. or Gm.) 





























' Aerobes Anaerobes 
e7 = 
; Site Coli- — Strepto- Staphylo- Lactc- Bacte- Bifido-  Strepto- 

Group Sampled forms cocci cocci bacilli Fungi roides bacteria cocci Clostridia 
Control Ileum 2.1+0.8 2540.8 1.0+0.0* 200.7 1.3::0.3 2.540.9 1.6+0.6 1.00.0 1.0:-0.0 
Cecum 5.40.6 5540.3 1.0400 4540.5 1440.3 8440.3 7,940.3 8.240.3 2.63: 0.8 

Tr. colon 4.540.7 4540.5 1640.6 3.5406 1.34:0.3 7.9403 6840.8 7940.3  2.34+0.7 

Stool 7540.3 7.140:3 1640.6 4241.0 2.0::0.6 9.64£0.3 8440.1 9,240.2 3.8:: 0.7 

Mechanical Ileum 1640.0 3.1::1.1 1.0400  2.5::0.9 1.50.5 1440.4 1.6406 1.00.0 1.2::0.2 
Cecum 4341.1 5640.5 1640.6 3940.6 1.40.4 8.50.3 7.7404 6941.2 1,740.6 

Tr. colon 3341.0 4340.6 1940.5 2.3406 1440.4 7.8+0.7 6.940.7 6.8: 1.2 1,540.5 

` Stool 4341.1 5540.7 1.8406 3.3+0.7 2.3+0.7 9040.3 7.2+0.5 8.50.3 2.9409 
Kanamycin Ileum 1.9::0.6 1.0-:0.0 1.00.0 1040.0 1.2::0.2 3.2+1.1 2440.8 1.70.5 1.0:-0.0 
Cecum 3.04 1.3. 3.1: 1.3. 1040.0 1,040.0 1.6:£0.3 7641.3 5.51.2 5841.5 1.4=0.4 

Tr. colon 2.9+1.3 3.2414 1.0+0.0 1040.0 1.0+0.0 8.740.3 7.6::0.5 7.2413  14=0.4 

Stool 3.11.3 3441.5 1.0+0.0 1040.0 3040.3 9.4-E0.2 7.0::1.2 7641.3 2.00.7 

Neomycin Ileum 1040.0 1.0+0.0 1.0+0.0 1.0+0.0 1.04:0.0 1.040.0 1.0+0.0 1.0400 1.80.6 
Cecum 14404 2,041.0 1046.0 1.00.0 1.30.3 3.941.2 3.0+0.8 2.0409 2341.1 

Tr. colon 1040.0 1.7407 1040.0 100.0 1340.2 28+1.0 2,540.8 2.0408 2.64 1.2 

Stool 1240.2 1.9409 10+00 1.0400 3.1::0.6 3.2416 2.21.2 2.641.6 1.70.5 

Neomycin- i Ileum 1040.0 1.0:£0.0 1.00.0 1.0+0.0 1.90.3 1540.5 1.6404 1.30.3 1.0+0.0 
Sulfathal- Cecum 1040.0 1.00.0 1040.0 1040.0 2.7+0.8 1940.7 1.7405 1640.4 2.61.3 
me-^ idine Tr. colon 1.0+0.0 1.00.0 1.0+0.0 1.00.0 2.8+0.7 2.2: 1.1 1840.7 2.1409 2.2::1.2 
Stool 1.7:E0.7 1.0-:0.0 1040.0 10400 3.440.6 33414 2841.0 4441.6 2.341.2 

Neomycin- Ileum 1.2+0.2 1940.6 1441.3 1040.0 1.7204 1340.3 1040.0 1,040.0 1.03:0.0 
Erythro- Cecum 1040.0 1.0-£0.0 1.0+0.0 1040.0 1.9404 1.940.9 1.20.2 1.70.7 1.42:0.4 
mycin Tr. colon 1,040.0 1.04:0.0 1040.0 100.0 1.6404 1,040.0 1040.0 1,040.0 1.22:0.2 
Stool 1440.4 1.0::0.0 1.00.0 10+0.0 3.1::0.5 1.7405 1.2+0.2 1.040.0 1.740.5 





* 1.0 4: 0. 0 is the equivalent of no detectable growth by our methods (i.e., less than 102/ml.); this value is used for statistical calculations. 





230 NICHOLS, CONDON, 
(0) COLIFORMS | STREPTOCOCCI | LACTOBACILLI 
E€ 
z 
$ g 
Q 
> £ 
É q 
[7] 
€ —— 
o 
5 CLOSTRIDIA 
: $ 
E 9 
5 3 
c 
$ < 
z z "zz z 
8 $ 
ad m 3 9 
= = = 
eS 2228 28882558 g 
il ; ul > ul ; 
dsgEb2sgbuugLEuBrE 


Fic. 4. Microflora of the ileum, cecum, transverse colon and stool 
in six patients receiving mechanical cleansing and neomycin. 


Neomycin and erythromycin base (Group VI) resulted 
in suppression of aerobes in the ileum, colon and stool 
in all patients (Fig. 6). Anaerobes were significantly sup- 
pressed in five of six subjects. In the sixth patient, bac- 
teroides and anaerobic streptococci were recovered in 
concentrations of 10°-10°/ml. from the cecum and 10°/ml. 
from the feces. This was the only treatment group in 
which the mean concentration of both aerobes and 
anaerobes was less than 2.0/ml. (Table 3). 

Staphylococci did not proliferate in any patient re- 
ceiving mechanical preparation alone or in combination 
with antimicrobial therapy. Fungi showed little tendency 
to overgrow and were not recovered in concentrations of 
over 10°/ml. in any patient. 

Two wound infections occurred. Both were superficial, 
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Fic. 5. Microflora of the ileum, cecum, transverse colon and stool 
in six patients receiving mechanical cleansing and neomycin- 


phthalylsulfathiazole in combination. 
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Fic. 6, Microflora of the ileum, cecum, transverse colon and stool 
in six patients receiving mechanical cleansing and neomycin- 
erythromycin in combination. 


involving only the subcutaneous tissues and did not pro- 
duce significant morbidity or prolong the patient’s stay 
in the hospital. The first patient had received neomycin. 
Infection was first apparent on the 5th postoperative day 
and cultures of the wound grew a coagulase-positive 
staphylococcus. The same organism was recovered from 
cultures of the patient’s nasopharynx but no staphy- 
lococci were recovered from the bowel. The second pa- 
tient had been treated preoperatively with kanamycin. 
Infection of the wound became apparent on the 4th 
postoperative day. A bacteroides was recovered from the 
wound. 


Discussion 


Complete sterilization of colonic content with currently 
available antimicrobial agents may be an impossible 
objective. A realistic goal of preoperative antimicrobial 
prophylaxis should be transient reduction of indigenous 
bacteria to low concentrations, possibly 2 logs or less. 
If contamination of the peritoneal cavity or other tissues 
by colonic content then occurs during operation, the 
small inoculum might be less likely to cause serious 
postoperative infection. 

Previous investigators 148 have suggested that me- 
chanical preparation with cathartics and enemas without 
antimicrobial drugs results in some reduction of the 
colonic microflora. We have found that vigorous pre- 
operative mechanical cleansing is effective in eliminating 
gross feces but is not successful in suppressing bacterial 
growth in the residual colon content. The concentrations 
of obligate anaerobes, the major constituents of the 
colonic microflora, as well as of other aerobic and faculta- 
tive bacteria, were not significantly reduced by mechan- 
ical preparation alone. These findings are in agreement 
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with those reported by others.*5 Mechanical cleansing 
does have an important place in preoperative colon 
preparation in emptying the colon of fecal mass, but 


-^ does not appreciably alter the microflora of the bowel. 


"p 


Aerobic or facultative bacteria such as coliforms are 
most commonly reported in wound infections following 
colon resection." All of the antimicrobial agents tested 
in this investigation to varying degrees reduced the con- 
centrations of these organisms. It is interesting that 
kanamycin, administered for 72 hours, was less effective 
in reducing aerobes than were the neomycin prepara- 
tions, alone or in combination, administered for periods 
of 16 to 21 hours. It is possible that the prolonged usage 
of kanamycin was associated with emergence of resistant 
strains; a shorter period of preparation might have been 
more effective. 

_- Obligate anaerobes such as bacteroides are the most 
numerous constituents of the colonic flora,9:12.2529 and 
are now being recognized with increasing frequency as 
the cause of postoperative infections.^7.16352225 The 
paucity of earlier reports implicating anaerobes in surgi- 
cal infections is due, in part, to the fastidious growth 
requirements of these organisms. Failure to recover 
obligate anaerobes and to recognize their importance in 
clinical infections may explain the widely differing con- 
clusions of previous studies concerning the efficacy of 
preoperative antibiotic colon preparation. 

The most effective antimicrobial regimen in this study 
was the neomycin-erythromycin combination. These 
agents were administered in low doses, a total of 3 Gm. 


` of each drug over the 19 hours before operation. This 


schedule was designed with a threefold purpose: 1) to 


deliver antimicrobials to the lower ileum and colon just 


p- 


prior to and during operation; 2) to minimize emergence 
of resistant microorganisms due to prolonged exposure to 
antimicrobial drugs; and 3) to reduce the inconvenience 
to the patient of a prolonged period of preparation. 

It must be stressed that the effectiveness of the neomy- 
cin-erythromycin combination in reducing bacterial con- 
centrations in the colon at the time of operation is not 
the equivalent of demonstrating a reduction in postopera- 
tive infections. It remains to be shown in another con- 
trolled trial whether this antibiotic combination will 
change the incidence of postoperative infections. Such 
a study could also take account of the effects of antibiotic 
preparation on the incidence of postoperative microbial 
supra-infection, the healing of colonic anastomoses? and 
the occurrence of cancer implantation in the suture 

-line,551215 elements which were not studied in the 
present investigation. 


Summary 


Alterations in the intestinal microflora of the ileum, 
intraabdominal colon and feces by preoperative bowel 


PREOP ANTI-MICROBIAL PREPARATION OF BOWEL 
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preparation were studied by direct aspiration at opera- 
tion. Patients randomly received mechanical preparation 
alone or mechanical preparation plus one of four anti- 
microbial regimens; a control group received no pre- 
operative preparation. 

Mechanical cleansing without antimicrobials removed 
gross feces, but did not alter the concentrations of micro- - 
organisms in the lumen of the colon. Kanamycin therapy 
resulted in decreased concentrations of aerobic orga- 
nisms, but anaerobes, the major constituents of feces, 
were not affected. Neomycin, alone or in combination 
with phthalylsulfathiazole, reduced aerobic and faculta- 
tive bacteria but allowed persistence of anaerobes in ap- 
proximately one-half of subjects. Neomycin and erythro- 
mycin base administered in low doses during the 19 hours 
prior to operation resulted in reduction of aerobes and 
facultative organisms in all subjects. Anaerobes were 
completely suppressed in five of six patients and were 
present only in low numbers in the cecum and feces in 
the sixth patient. 
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Clinical-Pathological Investigation of Regional Enteritis 
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UMEROUS STUDIES have shown that recurrence is the 
N rule rather than the exception following operation 
for regional enteritis. In fact, the recent emphasis on 
postoperative recurrence has almost obscured the fact 
that some patients show no evidence of recurrent re- 
gional enteritis even though follow-up periods now ex- 
tend to more than 30 years. Such patients differ greatly 
from those who display relentless progression of their 
disease but the explanation for such divergent clinical 
patterns remains obscure. 

Long-term observations of patients with regional en- 
teritis treated at the Presbyterian Hospital provide a 
unique opportunity to examine this question. The pres- 


«ent study focuses on patients who have been followed 


for at least 10 years postoperatively and an effort has 
been made to identify specific clinical and pathological 
features that might be associated with a favorable re- 
sponse to surgical therapy. Eight clinical and 10 path. 
ological features were examined and a stepwise dis: 
criminant analysis was carried out in order to evaluate 
characteristics useful in prognosis as well as to gain a 
better understanding of the disease in patients with 
long term remissions following surgical excision of the 
involved intestine. 


Methods 


Clinical Material 


The 64 patients comprising the study group were 
, drawn from 117 patients operated on for regional enteritis 


". at the Presbyterian Hospital during the 25-year period 


between 1932 and 1957. No patients operated on after 
1957 were accepted since the postoperative follow-up 
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would have been too short for purposes of this analysis. 
Twenty-six patients with ileocolitis were considered sep- 
arately and are not included in this report. Patients whose 
initial definitive operation was performed at another hos- 
pital were excluded as were patients who had a bypass 
procedure rather than a resection. Specifically, the study 
group consisted of patients in whom disease was treated 
by ileocolectomy (23 enterectomy patients were ex- 
cluded) and in each instance the resection represented 
the patient's first definitive surgical procedure. Actually 
70 patients meeting these criteria were treated by 
ileocolectomy during the time period mentioned, but 
five were lost to follow-up and one died in the immediate 
postoperative period, reducing the study group to 64 
patients. Obviously any study of pathologic features 
must be limited to patients treated by resection; the 
other strictures such as a specific operation (ileocolec- 
tomy) and the use of only the first surgical procedure 
were added in an effort to make a more homogeneous 
group. Some patients had previous operations such as 
appendectomy or laparotomy but since these were not 
considered curative such patients were included in the 
study group. However, patients who had had unsuccess- 
ful bypass procedures prior to resection were excluded 
since they represented recurrent disease and would have 
biased the study. The study group, as eventually consti- 
tuted, represents a more uniform selection of surgically 
treated patients than has been analyzed in previous re- 
ports. 

All patients were followed for a minimum of 10 years 
after operation except for eight patients who died dur- 
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ing this 10-year postoperative period. Five deaths were 
related to progression of regional enteritis and these 
patients were obviously included in the recurrent group. 
The three patients who died of unrelated causes within 
the first 10 years represent a more difficult problem, 
since they might have recurred had they survived the 
full 10 years. However, it was thought best to place 
these three patients who died 5, 6 and 8 years postoper- 
atively in the non-recurrent group. Most of the 64 pa- 
tients were followed for considerably more than 10 
years and the mean duration of follow-up for the entire 
group was 17.4 years. 

The value of a long follow-up period would be lost 
without accurate reporting of postoperative recurrences. 
This continues to be a difficult problem and it is evident 
that the evaluation of surgical results in regional enteritis 
depends to some degree upon the definition of recur- 
rence, We have continued to use the definition set forth 
in our original study; the return of symptoms in associa- 
tion with x-ray and laboratory evidence of activity of the 
disease. Since the great majority of patients have 
some diarrhea postoperatively, it is difficult to evaluate 
this symptom in establishing the diagnosis of recurrent 
disease. Usually, this diarrhea is of no great clinical sig- 
nificance; if no weight loss or malabsorption was asso- 
ciated, it was not considered to be evidence of recurrent 
regional enteritis. Another problem is posed by the 
asymptomatic patient with persistent radiologic evidence 
of mucosal abnormalities in the región of the anastomosis. 
This was an unusual event and in the present series only 
three patients developed such changes. However, this 
number may be artificially low because small intestinal 
x-rays were not uniformly requested in asymptomatic 
patients. The three patients referred to above were not 
considered to have recurrent disease. 

The actual follow-up was conducted at the Presby- 
terian Hospital in 43 patients while 16 patients were 
contacted by mail or telephone and five through their 
doctor. As noted above, five patients who were lost to 
follow-up were previously excluded from the study group. 

The 64 patients included 38 men and 26 women and 
the average age at the onset of symptoms was 35.2 
years. The patients fell into two roughly equal groups: 
Twenty-nine who developed recurrent regional enteritis 
and 35 who showed no evidence of recurrence during 
their more than 10-year period of follow-up. Several 
variables were tested in order to examine their value in 
‘prognosis following operation. Both clinical as well as 
gross pathologic and histologic features were employed. 
The clinical features included (1) sex, (2) age at onset 
of symptoms, (3) the presence of an abdominal mass 
(4) external fistulas and (5) anal suppuration such as fis- 
tulas, fissures, ulcers or perirectal infection. Features re- 
corded at the time of laparotomy included (6) the length 
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of involved bowel in inches (7) how far above the gross 
disease the bowel was transected and (8) the presence 
or absence of skip areas. 


Pathology 


The diagnosis of regional enteritis was documented in 
all 64 patients by clinical, x-ray and laboratory findings 
as well as careful examination of the resected specimen. 
The incidence of 10 histologic lesions was recorded and 
when these features were added to the eight clinical 
characteristics mentioned above it provided 18 variables 
that could be tested against the two subdivisions of the 
study group; those who recurred and those who did not. 

The histologic features selected for examination repre- 
sent an extension of a previous study reported from this 
department (1). The four microscopic lesions evaluated 
at that time consisted of (1) aberrant pyloric glands or- 
pyloric metaplasia; (2) epithelioid and giant cell gran- 
ulomas; (3) so-called neuromatous lesions and (4) in- 
flammatory and obliterative vascular lesions. In the pres- 
ent study, the presence of granulomas was further broken 
down according to their location in the bowel wall or in 
regional lymph nodes. Five additional histologic criteria 
were recorded: the presence or absence of (a) intra- 
mural abscesses, (b) microscopic sinus tracts or fistulae 
(c) dilated mural lymphatics (d) nodular aggregates of 
lymphoid tissue or actual lymph follicles other than Pey- 
ers patches, and (e) hyperplasia of the muscularis mu- 
cosae. When one of the 10 histologic features was pres- 
ent, a semi-quantitative value was ascribed by grading 
from + to ++++. 

Pyloric metaplasia may be evident only in a portion. 
of the mucosa, usually the deep aspect (Fig. 1) or the 
glands may occupy the greater part of the thickness of 
the entire mucosa. The histochemistry of aberrant pyloric 
glands is distinctively different from that of normal small 
intestinal glands. The pathogenesis of pyloric metaplasia 
has been traced in detail by Ming and associates 18 who 
supported the concept that it is an acquired condition, 
representing an abnormal regenerative process following 
destruction of the pre-existing mucosa. Similar changes 
are found in the vicinity of marginal ulcers, and this 
has led to the theory that pyloric metaplasia represents 
adaptation to alterations of pH. However, aberrant 
pyloric glands have also been described in various other 
conditions all of which are characterized by breakdown 
and subsequent healing of the bowel mucosa.?5 

Epithelioid and giant cell granulomas are discrete, 
non-caseating lesions, reminiscent of those seen in Boeck's 
sarcoid (Fig. 2). These are not infrequently situated in 
the vicinity of submucosal lymphatics, but may be seen 
in any layer of the intestine. They frequently occur 
within a nodule of lymphoid tissue. The finding of 
granuloma-like foci in the vicinity of fistulous tracts was 
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Fic. 1. Regional ente- 
ritis: a focus of pyloric 
metaplasia is seen to- 
wards the left side. The 
muscularis mucosae is 
considerably thickened 
and appears to fuse with 
the muscularis propria in 
the center of the field. A 
small artery to the right 
of center shows marked 
intimal proliferation. This 
vessel is surrounded by 
two nodules of neuroma- 
tous hyperplasia. Ver- 
hoef x28. 
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discounted in this study, as they may represent a foreign cleated giant cells, and generally situated in the cortical 
body reaction rather than a characteristic feature of re- portion of draining mesenteric nodes, were accepted as 
gional enteritis. Within lymph nodes, aggregates of large epithelioid and giant cell granulomas (Fig. 3). These ag- 
acidophilic epithelioid cells, with or without multinu- —gregates must be distinguished from large reticulum cells 


Fic. 2. Nodules of lymph- 
oid tissue, usually asso- 
ciated with dilated lym- 
phatics, are noted in the 
subserosa. In addition, a 
group of epithelioid 
granulomata, containing 
epithelioid cells, multinu- 
cleated giant cells and 
surrounded by a rim of 
lymphocytes is noted to- 
wards the right of the 
picture. Hematoxylin and 
eosin «38. 
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in germinal centers of lymphoid follicles, which may 
mimic granulomatous lesions. Schaumann bodies, as de- 
scribed by Williams, *! were not encountered in this 
study. 
Neuromatous 
curved bundles of Schwann cells, often in association 
with submucosal or myenteric ganglion cells. In former 
years these lesions were, indeed, mistaken for plexiform 


lesions were characterized by wide. 


neuromata, Similar proliferations of Schwann cells are 
commonly found underlying chronic peptic ulcers, and 
it might be presumed that in regional enteritis these 
lesions are related to concurrent or pre-existing ulcera- 
tion of the mucosa in the corresponding area. 

Inflammatory and obliterative vascular lesions of a non- 
specific type (Fig. 1) were usually most prominent in the 
deeper layers of the wall in areas of most intense inflam- 
mation, Such vascular lesions are also reminiscent of those 
seen in the base of chronic peptic ulcers, as well as a host 
of other lesions, including the vicinity of invasive malig- 
nant epithelial tumors. 

Intramural abscesses were characterized by fairly well 
circumscribed collections of inflammatory cells totally 
replacing a portion of the bowel wall (Fig. 4). 

Microscopic fistulae or sinus tracts, were sometimes 
extensions of abscesses, or they were narrow elongated 
defects lined by granulation tissue. Some extended from 
the mucosa (Fig. 4) while in other instances a connec- 


tion with the mucosa was not evident. 
Dilatated lymphatics were most often noted in the 
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submucosa (Fig. 5). These endothelial lined channels 
were unusually prominent, and contained proteinaceous 
material. 

Lymphoid nodules were present mainly in the sub- 
mucosa (Fig. 5) and subserosa, (Fig. 2) although thev 
occasionally occurred in the muscularis propria as well. 
They consisted of aggregates of small mature lympho- 
cytes or follicles with germinal centers. Those in the 
submucosa were often contiguous with a lymphatic chan- 
nel. Only those lesions lacking epithelioid and giant cells 
were included in this category. 

The muscularis mucosae showed hypertrophy of the 
smooth muscle (Fig. 1) either in a segmental or a more 
diffuse distribution. In a number of instances the mus- 
cularis mucosae was widened by the presence of fibrous 
tissue separating muscle fibers but without actual hyper- 
plasia of the muscle tissue itself. The latter finding was 
not tabulated. In addition to hypertrophy of the mus- 
cularis mucosae several of the specimens revealed dis- 
tortion of this layer, so that the fibers splayed out and 
appeared to be perpendicular to the long axis of the 
submucosal layer, Fusion between the thickened mus- 
cularis mucosae and muscularis propria was noted at 
some points. 


Statistical Analysis 


The data were analyzed utilizing a stepwise discrim- 
inant analysis ?" and a computer program for this analy- 
sis as implemented in the BMD statistical program pack- 


Fic. 3, Epithelioid gran- 
uloma within a mesen- 
teric lymph node. A well 
formed granuloma is 
noted in the center of 
the field; a multinucle- 
ated giant cell is seen 
alone at the top of the 
field while aggregates of 
plump epithelioid cells 
are present to the right 
and above the central 
granuloma. Hematoxylin 
and eosin x63. 
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Fic. 4. Low power view of involved segment of small 
intestine, showing transmural inflammation which in- 
cludes an intramural abscess to the right of the 
center and a beginning sinus tract on the left. Hema- 
toxylin and eosin X4. 





age.’ The stepwise discriminant analysis is used to variables) which minimizes the probability of misclassi- 
determine the effects of parameters in differentiating one fication (or maximizes the ability to discriminate be- 
tween groups). This is accomplished in a stepwise man- 


population from another. The analysis determines a lin- 
the 


ear discriminant function (a linear combination of the ner with one variable added or removed from 


Fic. 5. Prominently dilated submucosal lymphatics 
and a lymphoid nodule are shown in this hematoxylin 
and eosin stained section of small intestine from a 
resection for regional enteritis. X80. 
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TABLE 1 
Study Group 64 Recurrent Disease 29 No Recurrence 35 
Patients Patients Patients 
Number Number Number 
Feature (of Patients) % (of Patients j % (of Patients) % 
Sex 38. M 59% 17 M 59% 21 M 60% 
% Males 26 F 12 F 14 F 
Age of onset 34 + 13 years — 33 + 14 years — 35 + 12 years = 
Abdominal mass 14 22% 4 14% 10 40% 
External fistula 14 22% 9 31% 5 14% 
Anal complications 21 32% 15 52% 6 17% 
Involved bowel (inches) 15.4 + 11 — 18.8 + 10 — 12.749 — 
inches inches inches 
Normal bowel resected 15.3 + 6 — 14.7 4-5 — 15.94 5 — 
with specimen (inches) inches inches icnhes 
Skip areas 4 6% 3 10% 1 3% 





function on each step according to a predetermined 
rule. The rule used for this analysis was an F level 
greater than 1 for inclusion and less than 1 for deletion. 
(The “F” statistics are the likelihood ratio tests of equal- 
ity over the groups of the conditional distribution of the 
individual variables given the entered variables). 

The computer program output includes means and 
standard deviations for each variable within groups, a 
within groups covariance matrix and correlation matrix 
and a step by step summary of the generation of the 
discriminant function. When the F level has reached a 
point where no further variables may be added or de- 
leted the coefficients for the discriminant function are 
printed and the cases are classified into groups. 


Results 


The eight clinical variables that were studied are 
shown in Table 1. The sex distribution shows a mild 
preponderance of males with a similar pattern in the 
recurrent and non-recurrent groups. The two groups are 
also very similar in regard to age of onset. About 1/5th 
of the total group had “either a palpable abdominal mass 
or an external fistula by the time they came to definitive 
surgery. Although it is not shown on Table 1, a more 
common indication for surgical therapy was chronic par- 
tial intestinal obstruction. 

The incidence of anal complications is high but is con- 
sistent with the experience reported from other hos- 
pitals.*119 The length of the involved ileum was de- 
termined from the surgeon's operative report and in most 
instances it was possible to state how far above the gross 
disease the bowel had been transected. 

The results of the statistical analysis included six vari- 
ables in the final discriminant function because they had 

values greater than 1.0 (Table 2). These were (a) 
anal suppuration (b) length of involved bowel (c) pyloric 
metaplasia (d) neuromas (e) lymphoid follicles and (f) 
external fistulas. Only two of these variables proved to 


be statistically significant in predicting recurrence. These 
were anal suppuration at the 99% level of confidence and 
length of involved bowel at the 95% level. The presence 
of rectal problems made recurrent disease more likely, 
as did an increased length of involved bowel. 

The length of normal bowel included in the resected 
specimen varied from zero to as far as 40 inches above 
the gross disease. There was no statistical correlation 
between the amount of normal ileum removed and the 
incidence of recurrent disease. Therefore, the importance 
of the extent of disease present at the time of the first 
operation cannot be explained by the fact that the sur- 
geon might be anastomosing the bowel further away 
from the diseased area when a short segment is involved. 

The mean length of involved intestine in the non- 
recurrent group was 12.7 inches. However, the recurrent 
group did not exhibit unusually extensive disease in that 
the mean value increased to only 18.8 inches. 

The incidence of the 10 histologic features is sum- 
marized in Figure 6. Pyloric metaplasia was evident in 
69% of the resected specimens and was actually more 
common than the sarcoid-like granulomas, thought to 
be pathognomonic lesions in regional enteritis. 

Thirteen of the 64 patients had granulomas in mesen- 
teric lymph nodes although in two patients no granulo- 
mas were evident in the bowel wall. Neuromatous and 
vascular changes were present in approximately 40% of 








TABLE 2 

No. 

Variables 

Included Variable F value p value 
l Anal suppuration 9.6282 p= «0.01 
2 Length of involved bowel 4.9270 p = «0.05 
3 Pyloric metaplasia 3.2472 p = 20.05 
1 Neuromas 2.2820 p = >0.05 
5 Dilated lymphatics 1.5844 p = >0.05 
6 External fistulas 1.2891 pb = >0.05 
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the patients, while microscopic abscesses and fistulas 
were slightly less common (both 342). Dilated lym- 
phatics and lymphoid nodules were observed in the 


i majority of the specimens and hypertrophy of the mus- 


i 


cularis mucosae was also a common finding. 

The correlation matrix was examined to determine the 
relationship of individual histologic features to each other 
as well as to the gross and clinical features. No signifi- 
cant correlations were present as evidenced by the fact 
that all “r” values were between —0.5 and +0.5. As ex- 
pected, the highest value (r = +0.47) was seen in the 
relationship between granulomas in the bowel wall and 
those in mesenteric nodes but even this was not signifi- 
cant because many patients with granulomas in the in- 
testine did not show these lesions in the regional lymph 
nodes. Interesting enough, there was no correlation be- 
tween microscopic fistulas and external fistulas even 
though these features were present with approximately 
the same frequency. 

Because the correlation matrix failed to show a sig- 
nificant correlation between any of the individual his- 
tologic features, each feature was considered separately 
in order to see how it related to the patient's postoper- 
ative course (Fig. 7). While discriminant analysis se- 
lected two of the clinical features as bearing on prog- 
nosis, none of the histologic features was significant. 
Pyloric metaplasia had the highest "F" value and Fig. 
7 shows that the presence of these glands was more 
common in the group that did well but this value was 
well below the level of significance. 


Discussion 


We have analyzed a uniquely homogeneous group of 
surgically treated patients with regional enteritis in an 


Fic. 6. The incidence of the 10 
histologic features in 64 pa- 
tients. When present, individual 
features were roughly quanti- 
tated from + to J-----4-. 
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effort to identify factors that might be associated with 
long term surgical remission. The study group was lim- 
ited to patients with chronic regional ileitis, all treated 
by ileocolectomy at the Presbyterian Hospital between 
1932 and 1957. In every case the operation that enrolled 
the patient into the study group constituted the first 
resection for the disease and the patients were followed 
from a minimum of 10 to a maximum of 32 years. Despite 
the general concern regarding late recurrences in re- 
gional enteritis 35 of the 64 patients were doing well at 
the time of the study, thus casting considerable doubt 
on the concept that all patients will recur if followed 
long enough. Certainly selection was involved in the 
makeup of the study group and the recurrence figures 
should be regarded in the light of that fact. However, 
the recurrence rate of 45% is compatible with reports 
from other hospitals, provided that patients with ileoco- 
litis are excluded.!$ 

A number of studies dealing with regional enteritis 
have attempted to correlate clinical data with the sub- 
sequent course of the disease but these efforts have been 
hampered both by inadequate follow-up and patient ma- 
terial that could not readily be subjected to statistical 
analysis. In attempting to associate certain clinical or 
pathological features of the disease with the postop- 
erative result, errors are inevitable if patients are listed 
as surgical cures at the time of the study but then go 
on to develop recurrent disease. The average follow-up 
of 17.4 years in the present study minimizes this prob- 
lem. 

The present study confirms previous work, indicating 
that postoperative recurrences in regional enteritis are 
not related to the extent of the resection.*?? This ap- 
plies both to the small intestine as well as its mesen- 
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tery 1° so the disease appears to possess inherent biologi- 
cal differences in patients who experience recurrence as 
opposed to prolonged remission. Efforts to explain these 
differences by focusing on the nature of the original 
surgical procedure have not been particularly fruitful 
. and, in fact, the debate concerning recurrence rates fol- 
lowing various types of surgical procedures has largely 
subsided with the demise of bypass operations. 

The 18 clinical, gross pathologic and histologic fea- 
tures selected for this study were only partially success- 
ful in separating the study patients into those that re- 
curred and those who did well. No single feature was 
exclusively associated with either long-term postopera- 
tive remission or the development of recurrent disease. 
However, discriminant analysis did reveal a statistically 
significant association in two of the 18 features selected 
for analysis. An increased length of involved bowel was 
an ominous sign and when anal complications were 
noted prior to or at the time of the original operation 
recurrence was also more likely. The anal lesion ante- 
ceded the development of intestinal symptoms in eight 
of the 21 patients who had this complication and five 
actually responded, although reluctantly, to local surgi- 
cal measures. 

Previous authors have commented on the chronicity 
of anal complications in certain patients with regional 
enteritis,?1?? and the possibility of a higher recurrence 
rate has also been inferred by Atwell and his colleagues, 
who noted that six of nine patients with anal fistulas de- 
veloped recurrent disease.? The chronicity of anal lesions 
and their desultory response to the usual surgical meas- 
ures suggests that factors in addition to irritation by 
frequent stools are involved. A number of authors have 
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pointed out that these lesions frequently show sarcoid 
reactions on microscopic examination 5" indicating ac- 
tual involvement of the rectum by regional enteritis. 
Anal suppuration thus signifies colon involvement, and 
not surprisingly anal problems are more common in 
patients with ileocolitis than with regional enteritis con- 
fined to the small intestine.^" Furthermore, it has been 
suggested that anal complications are harbingers of more 
generalized colonic involvement.?? Under such circum- 
stances the higher recurrence rate noted in patients with 
anal complications becomes understandable. Anal le- 
sions, because of their association with colonic involve- 
ment, are an indication that the disease is actually more 
extensive than evidenced by the gross findings noted 
at the time of operation. 

The relationship between extent of disease and post- 
operative recurrence has been explored in a number of 
previous reports. Bockus felt that the length of involved 
intestine did not affect the incidence of postoperative 
recurrence * but other authors have sought to present 
evidence of an improved prognosis when the disease is 
well localized. Van Patter and associates reported a 
higher recurrence rate when more than 50 cm. of ileum 
was involved.” This figure corresponds to 19.7 inches, 
which is within one inch of mean value noted for those 
patients who developed recurrent disease in the pres- 
ent study. Atwell? also suggested that recurrence is more 
frequent when the disease involves a longer segment of 
intestine. He divided his patients into three groups: less 
than 3 inches, between 3 and 12 and over 12 inches. The 
recurrence rates were 38, 60 and 67%, respectively, but 
statistical analysis was not undertaken. 

Extension of the disease by means of skip areas was 
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not common in the present study. Only four patients 
showed such lesions (6.32) while figures from 9%* to 
. 955?* have been quoted elsewhere. Recurrence was 
^ moted in three of the four patients confirming the im- 
portance of extent of disease in determining prognosis. 

A number of other clinical features have been con- 
sidered to have a bearing on postoperative recurrence. 
The importance of age has received the most discussion 
and a number of autbors have suggested that the disease 
is modifled in the elderly and pursues a more benign 
course.?12? Others have focused on the second and third 
decades, feeling that the worst surgical results occur in 
patients whose symptoms are first noted at that time.?* 
Still other reports dispute these impressions !*19 and the 
effect of age on prognosis remains uncertain. Age at 
onset of symptoms varied widely in the present series; 


«~~ the youngest patient was 11 years old and the oldest 68. 


However, mean ages were similar in the recurrent and 
non-recurrent groups and no significant correlations of 
age with the likelihood of postoperative recurrence was 
noted in the statistical analysis. 

Efforts have also been made to utilize the histologic 
features of the disease as seen in the resected specimen 
as a guide to prognosis. The detailed study by Van Patter 
and associates ?? focused on the sarcoid-like granulomas 
since they are considered to be a characteristic feature 
of the disease. They reported granulomas in 117 of 297 
specimens yielding an incidence of 39$. This is similar 
to the incidence noted in the present study (362) and 
other authors have also confirmed the fact that this 
"characteristic" histologic feature is absent in the ma- 
jority of resected specimens. Van Patter could find no 


""" difference in recurrence rate in the patients with or 


without granulomas. 

A more promising report appeared in 1955 when 
Kawel and Tesluk!5 noted a high recurrence rate in 
those patients whose resected specimens contained "py- 
loric glands" whereas no recurrences developed in the 
18 patients in whom this histologic feature could not be 
demonstrated. Unfortunately, the length of postoperative 
observation was not recorded and it has not been possible 
to confirm these interesting findings. The present study 
failed to show a significant correlation between the pres- 
ence or absence of pyloric glands and recurrent disease. 

The concept that careful histologic examination might 
identify those patients who go on to long-term post- 
operative remission remains a challenge. Since no single 
histologic feature is characteristic of the disease, simul- 


P * . 
~ taneous evaluation of many features as was carried out 


in the present study will undoubtedly be necessary. The 
diversity of histologic findings is noteworthy as is the 
fact that the correlation matrix failed to show significant 
correlation between individual features. Random distri- 
bution rather than a pattern of individual features was 
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evident and under such circumstances even the most 
detailed histologic definition failed to distinguish be- 
tween patients who recur and those who do well. 

The failure to distinguish recurrence from remission 
histologically cannot alter the fact that regional enteritis 
does not behave in the same fashion in all patients. Un- 
fortunately, the presently available technics for identify- 
ing the patient whose operation will result in long-term 
remission are still rudimentary. However, when extent 
of disease and anal suppuration are combined, these two 
factors can play a role in helping to predict the outcome 
after operation. For instance, there were 19 patients who 
had limited ileal involvement (less than 12 inches) and 
the lack of anal complications and only three patient: 
developed postoperative recurrences. At the other end 
of the scale 12 patients combined more extensive disease 
(more than 12 inches) and anal suppuration. Recurrence 
constituted a formidable problem in this group and wa: 
documented in 11 of the 12 patients. Prognosis was ob- 
viously a more difficult problem in the remaining 33 pa- 
tients who combined anal complications with a short 
segment of involved bowel or vice versa. Since postop- 
erative recurrence in regional enteritis is not related tc 
the extent of operation, future studies will have tc 
carefully examine the nature of the disease itself. Care. 
ful statistical analysis of the multiple features that make 
up the disease in each patient may not only serve as a 
guide to prognosis but may also help to clarify the 
pathogenesis of regional enteritis. 


Summary and Conclusions 


The recent emphasis on recurrence following opera- 
tion for regional enteritis has obscured the fact that some 
patients do very well postoperatively, even though fol. 
low-up periods now extend to more than 30 years. A 
uniquely homogeneous group of 64 surgically treated 
patients with chronic regional enteritis was studied in 
an effort to identify clinical and pathological features 
that might be associated with long-term surgical re- 
mission. All patients had their first definitive operation 
at Presbyterian Hospital, ileocolectomy was the only 
procedure used and the patients were followed from 
a minimum of 10 to a maximum of 32 years. A series of 
five clinical, three gross pathologic and ten histologic 
features was recorded in each patient and the informa- 
tion was then analyzed using stepwise discriminant anal- 
ysis. Evaluation of the correlation matrix indicated 
that none of the 18 individual features were significantly 
correlated to each other. Therefore, it was possible to 
test each feature individually for its predictive value in 
regard to the postoperative period. Two of the clinical 
features revealed a statistically significant correlation 
with postoperative remission or recurrence. Both these 
features bear a relationship to the extent of disease at 
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the time of the initial operation, so that their prognostic 
importance is not surprising. The length of normal bowel 
removed above the gross disease and the age of onset 
of symptoms were not significant factors in postopera- 
tive recurrence in this study. The long postoperative 
follow-up period (mean 17.4 years) in the present study 
makes it possible to anticipate permanent surgical re- 
mission in some patients. Since neither the operative 
procedure nor its extent is a factor in recurrence, atten- 
tion to the nature of the underlying disease will be neces- 
sary to better understand the variable results that follow 
surgical therapy. 
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Coagulopathy after Major Combat Injury 


Occurrence, Management, and Pathophysiolog 


OAGULOPATHIES following operation for massive 
C trauma have been widely reported to constitute a 
frequent and major postoperative complication.*9* The 
present report consists of a 6-month clinical experience 
with bleeding problems following operation for combat 
casualties in a busy evacuation hospital in Vietnam. It 
further reports the results of extensive screening coagula- 
tion studies performed in both the pre- and postoperative 
period in a group of 80 randomly selected patients 
treated at this hospital. 


Materials and Methods 


The period of clinical study extends from Dec. 1, 1968 
to June 1, 1969. During this period some 2965 patients 
underwent general anesthesia and operation for trauma 
resulting from combat injuries. The majority of these 
patients had multiple systems involved in their injury. 

During the first 3 months of this period 80 patients 
underwent clotting studies preoperatively and were sub- 
sequently followed with similar studies postoperatively 
for 5 days or until the time of their evacuation or death. 
Studies were done preoperatively, immediately post- 
operatively, and on postoperative days 1 and 3. Studies 
included platelet counts (phase microscopy), partial 
thrombo plastin time,” prothrombin time (Quick), throm- 
boelastograms, fibrinolysin titers, euglobulin clot lysis, 
fibrinogen,’ ethanol gelatin* and hematocrit. Careful 
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clinical summaries were recorded on each patient for cor 
relative purposes. 


Results 


Clinical Series: A subjective judgment of postopere 
tive coagulopathy was made in 112 patients. All patient 
had major trauma with involvement of one or more orga: 
systems. Only three patients had not received over fiv 
units of blood before and during operation. The sig 
nificant fact is that in none of these patients was pet 
sistent coagulopathy a major postoperative complicatior 
All were controlled with fresh blood and/or fresh froze: 
plasma. In 18 patients where diffuse oozing was clearl 
à major potential problem and where over 20 units c 
blood had been administered, control of the oozing wa 
accomplished by sequential administration of fresh bloo 
requiring between 4-8 units (average 5.5 units). 

Investigative Series: One patient with extensive burn 
was not included in the series. Of the remaining 7 
patients, 19 comprised a control group who had onl: 
minor soft tissue injuries and received little or no bloo 
transfusions but required general anesthesia for de 
bridement of their injuries. None of the control patient 
demonstrated clinical oozing problems. Minor depres 
sion of platelet count and fibrinogen was noted imme 
diately following operation. A significant fibrinogen re 
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bound was noted by POD 3. Platelet counts remained in 
a normal range throughout. Partial thromboplastin time 
and prothrombin time were prolonged in the control 
patients ( Table 2). 

The remaining 60 patients all had major injuries as 
defined by penetrating wounds of head, chest or abdo- 
men, major extremity injury involving amputation, ma- 
jor arterial injury or long bone fracture in the legs or a 
combination of these injuries. Massive transfusion was 
required in the majority of these patients (Table 1). 
Fifteen patients were in hypovolemic shock at the time 
of the initial, preoperative study. These patients did not 
appear to constitute a unique group and were not con- 
sidered separately. Other patients with some previous 
resuscitation had undoubtedly experienced some hy- 
povolemia and thus the distinction would be artificial. 

Partial thromboplastin time and prothrombin time 
were significantly (p « 0.01) prolonged from control 
laboratory values but did not differ significantly from 
minor injury patient values ( < 0.1 > 0.05) (Table 2). 
Mean platelet counts immediately postoperatively were 
approximately 50% less than admission values. This differ- 
ence was significant as was the comparison with the 
corresponding control group. In three instances, imme- 
diate post-injury fibrinogen values were significantly de- 
pressed. This was not true for the mean value of the 
group as a whole. Mean values for fibrinogen on POD 1 
and 3 were significantly higher than pre- or immediate 
postoperative values. 

Twelve of the patients demonstrated significant clini- 
cal oozing (coagulopathy) as determined subjectively 
by both the surgeon and the investigators studying the 
patient. The group is not tabulated separately because 
values do not differ significantly from the seriously in- 
jured group as a whole. All 12 patients had required over 
10 units of blood for operation and all had multiple 
major injuries. In all instances all clotting factors were 
depressed though no single value was depressed to the 
point usually necessary to produce bleeding difficulties. 
In all 12 patients, oozing was easily controlled with the 
administration of 4-6 units of fresh whole blood. Two 
patients studied had abnormal values for fibrinolysin 
titer and euglobulin clot lysis (Table 3). One of these 
developed coagulopathy 4 days after massive head and 
facial injury. The patient had significant sepsis at the 
time. He did not respond to heparin but did to fresh 
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TABLE 2. Prothrombin Time (sec) 
Pre-Op Post-Op Pod-1 Pod-3 

Minor Injury 23,4* 24.9* 20.1* 17.9 
Major Injury 19.3* 20.5* 20.0* 19.3* 

Partial Thromboplastin Time (sec) 
Minor injury 56.9 69.6* 63.5* 46.3 
Major Injury 54.0 62.2* 62.2* 53.1 

Hematocrit (96) 
Minor Injury 39 37 35 33 
Major Injury 38 35 33 32 
Platelet Count /mm? 
Minor In'ury 335 270* 299 286 
Major Injury 324 204* 227* 243* 
Fibrinogen mg./100 ml. 

Minor Injury 235 268 365* 472* 
Major Injury 221 246 366* 478* 





* Values differ significantly (p 0-05) from baseline or control 
values. 


whole blood. The other patient had no clinical coagu- 
lopathv. Thromboelastography showed abnormal fibri- 
nolysis in both of these patients. The remainder of the 
thromboelastograms were qualitatively normal though 
minor vrolongations of clotting time (r + k) where ob- 
served in 23 patients immediately after operation. This 
had reverted to normal in all but one patient by the 
third postoperative day. This prolongation resulted en- 
tirely from ebnormally long K value in the immediate 
postoperative period in the seriously injured group of 
patients (Table 4). Ethanol gelation studies were nega- 
tive in all but one patient. This was the patient with 
demonstrated fibrinolysis whose bleeding ceased with 
administration of fresh blood. 


Discussion 


The present study demonstrated that coagulopathy 
with resultant diffuse oozing in the postoperative period 
is an unusual complication of injury. When it occurred 
the patients invariably had extensive trauma, frequently 
associated with shock and usually required multiple 
blood transfusions (over 20) during the course of re- 
suscitation and initial surgical care. In each instance it 
was controlled by fresh blood with or without fresh 
frozen plasma and required 4-6 units of fresh blood ad- 
ministered sequentially to correct the clinical bleeding 
defect. 

Why such coagulopathy should occur is not clear from 
the present coagulation data. Though some depression of 


'TABLE 3. 








TABLE 1. Number of Transfustons Received—Tctals and Means 
Pre-Op OR Post-Op Total 

Control (19)* — 3(.2) 15(0.8) 2(0.1) 20(1.1) 

Test (60) 82(1.4) 82(1.4) 510(8.5) 


346(5.8) 





* Numbers in parenthesis indicate mean units of blood transfused. 


Fibrinolysin titers ) 
) positive in two patients 
Euglobulin clot lysis) 





Ethanol gelatin—one positive fifth postoperative day in patient 
bleeding with massive soft tissue sepsis. 
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'TABLE 4 
Pre-op Post-op POD-1 POD-3 
'Thromboelastogram r k r+k r k r- k r k r+k r k r+k 
Control 11.57 8.12 19.69 13.25 5.89 19.11 12.29 7.20 20.23 11.57 5.10 16.67 
Test 11.02 6.43 17.02 14.27 10.67 24.46 12.25 13.81 25.48 13.99 8.79 22.82 





r = rate of thromboplastin generation. Mean r for reconstituzed plasma is 18 (range 15-25)—values for whole blood somewhat less. 

k = a thrombin value responsive to platelet profactors and to a lesser extent plasma—generally unaffected by prothrombin complex. Mez 
I value for plasma is 6.5 (range 4.5-8.3)—similar values for whole blood. 

r+ k = analogous to clotting time or heparin tolerance test. Mean normal r + k value for plasma is 24.5 (range 20-29)—values for fre: 


whole blood somewhat less. 


all clotting parameters is observed in the immediate post- 
operative period in a number of patients, this is rarely 
profound in any one parameter. Furthermore, it is usu- 
ally promptly corrected by the body, having returned to 
normal in almost every instance by the first postopera- 
tive day. Whether across-the-board depression of clotting 
factors, individually of relatively minor proportions, was 
responsible for the clinical oozing cannot be answered. 
If this were the case, the quantities of fresh blood re- 
quired to reverse the defect is surprisingly large. Pre- 
sumably a single unit of fresh blood should replenish 
many of the mild abnormalities observed, yet, usually 
over 4 units were required.!° The combination of con- 
tinued bleeding with consequent loss of clotting factors 
by actual hemorrhage as well as consumption of clotting 
factor on the injured surface of large soft tissue wounds 
may explain the necessity for 4 or more fresh units ad- 
ministered sequentially in most patients. 

The mechanism of depletion of clotting factors with 
major injury remains a source of considerable contro- 
versy. The subject has recently been thoroughly re- 
viewed by Salzman. The alternative mechanisms pro- 
posed to explain this coagulopathy include dilution of 
clotting factors, consumption of clotting factors, fibri- 
nolysis or a qualitative defect in platelet function super- 
imposed on any or all of the above.?!? In only one of 
our cases of coagulopathy did fibrinolysis seem to con- 
tribute to clinical bleeding and here sepsis may have 
played a role in his fibrinolytic episode. Disseminated 
Intravascular Coagulation (DIC) currently is a popu- 
larly stated source of such bleeding difficulties? How- 
ever, the absence of positive ethanol gelatin in any of 
the patients with immediate post-injury bleeding studied 
to date, and the prompt control of oozing by fresh blood 
administration mitigates against this as an important 
mechanism, DIC occurring with the acute insult but not 
as a continuing process could account for the observed 
clotting factor depletion. This cannot be excluded but 
since it does not appear to be an ongoing process it 
should be of no clinical significance. The present data 
and our conclusions are in general agreement with simi- 
lar studies and conclusions by Attar et al? Dilution of 


clotting factors may play a contributing role, particular] 
with the administration of large volumes of old banke 
blood. Finally, a qualitative abnormality in platelet func 
tion superimposed on mild quantitative depression c 
other factors has been suggested as the major probler 
in post-traumatie coagulopathy. The prolonged K value 
observed with thromboelastography in the present study 
in the postoperative period, lend support to this concer 
since this value is said to reflect the platelet phase c 
coagulation. Specific alterations in metabolism and func 
tion of blood elements following injury and in banke 
blood following storage may contribute to such a qualit: 
tive abnormality in platelet function.5 Any relationshi 
between these specific abnormalities and the general suk 
jective observation of post operative coagulopath 
remain conjectural and beyond the scope of this di: 
cussion. 


Conclusions 


l. Diffuse oozing coagulopathy occurs frequently fol 
lowing massive injury and massive blood transfusior 
2. Such coagulopathy is virtually always reversible wit! 

fresh blood given sequentially—usually requires 4 t 

5 units. 

3. Mechanism of the coagulopathy remains obscure. 

A. Present data favors a qualitative abnormality i 
platelet function: 

1) Lack of evidence of fibrinolysis 

2) Reversal by fresh blood 

3) Some element of thrombocytopenia 

4) Thromboelastography showing prolonged I 
value 

9) Bleeding usually develops with administratio: 
.of multiple units of banked blood. 

B. However, intravascular coagulation, occurring 
acutely after injury could also be the mechanisn 
because: 

1) Consumption of coagulation factors is sug 
gested by decreases in fibrinogen and platelets 
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2) Question reliability of ethanol gelation in ex- 
cluding DIC. 


3) Absence of fibrinolysis not absolutely against 
DIC. l 

4) Consumption could occur acutely, leaving re- 
sulting alteration in clotting factors in absence 
of persistent DIC. 
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Effect of Hypertonic Glucose in Hypovolemic Shock in Mar 


ASSIVELY inj jured combat casualties presenting in 
M Hysol shock usually require infusion of half 
their predicted blood volume to restore systemic arterial 
pressures to near normal values. Particularly in the face 
of some continued blood loss, this restoration may re- 
quire 20 to 30 minutes. During this period, hypotension 
persists with all the consequent deleterious effects of 
prolonged shock on visceral function and viability. Pe- 
ripheral perfusion remains inadequate to meet the body's 
oxygen demands, and myocardial function, particularly 
in the face of catecholamine induced vasoconstriction, is 
relatively inadequate to maintain this perfusion. 

Acute intravascular administration of 50% glucose in 
experimental hypovolemic shock has been shown in lab- 
oratory animals to increase blood pressure, to increase 
cardiac output, and to lower peripheral vascular resist- 
ance.”,5,16 Furthermore, glucose loading has increased 
myocardial function and left ventricular contractile force 
of hypoxic myocardium.! 

‘Theoretically, the marked improvement in myocardial 
function and consequent increase in cardiac output at- 
tendant upon hypertonic glucose administration, coupled 
with a lesser magnitude of peripheral vasodilatation, 
would increase tissue perfusion and protect visceral func- 
tion during the period that intravascular volume is being 
restored. Furthermore, improvement in the body's meta- 
bolic status as a consequence of improved visceral and 
peripheral perfusion should hasten the restoration of nor- 
mal circulatory hemodynamics with volume replacement. 

The present study was undertaken to evaluate the 
hemodynamic response to acute glucose loading in hy- 
povolemic shock in man. 





Submitted for publication July 15, 1971. 
Present Address: University of Hawaii School of Medicine, The 
Queen's Medical Center, P. O. Box 861, Honolulu, Hawaii 96808. 


247 
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Materials and Methods 


Patients selected for study consisted of seriously in 
jured combat casualties admitted to the emergency roon 
of the 24th Evacuation Hospital in hypovolemic shoc 
(blood pressure less than 90 mm. Hg systolic and puls 
rate greater than 120). A clinical summary recorded th 
type and method of injury, time of wounding, resuscita 
tive measures and subsequent course after operation. Th 
resuscitative measures usually employed included mas 
sive blood replacement, appropriate respiratory suppori 
control of bleeding; infusion containing bicarbonate an: 
calcium was instituted immediately. Those measures em 
ployed for study purposes were strictly supplementary 
Patients were randomly selected to receive one of fou 
types of adjunctive resuscitative measures as outline: 
below: 


Group I (Glucose)—Received 50% glucose, 1 cc./Kg 
administered intravenously over a 45-second period im 
mediately after baseline blood pressure and blood sam 
ples were obtained—eight patients. 

Group II (Saline )—Received 3% saline 2.7 cc./Kg., in 
stead of 50% glucose. This provides a similar osmoti 
crystalloid load—seven patients. 

Group III (Mannitol)—Rceived 25% mannitol, 2 cc. 
Kg., instead of 50% glucose. This provided a similar os 
molar load of unmetabolized sugar—ten patients. 

Group IV (Control) —Received usual resuscitative mea 
sures only—six patients. 


All patients had immediate recording of blood pressur: 
and blood drawn for glucose, arterial lactate, pH, anc 
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Po; determinations. Blood pressures were then recorded 
immediately after the supplemental treatment regimen 
under study and at 5-minute intervals thereafter for 30 
minutes. Blood studies were repeated at 15 and 30 min- 
utes after initiation of supplemental treatment. All pa- 
tients had massive injury involving multiple organ sys- 
tems. In most, immediate operation was an early part of 
the resuscitative treatment. Even then blood loss was 
generally major (Table 1). Under the circumstances, 
more elaborate monitoring would frequently have com- 
promised the efficacy of the patient care. The present 
data are felt to provide a sufficient basis for interpreta- 
tion when related to similar but more sophisticated stud- 
ies in laboratory animals. 


Results 


Administration of 50% glucose produced an immediate 
sustained rise in both systolic and diastolic blood pres- 
sure and pulse pressures. These increases were all sig- 
nificant? when compared with mean baseline values (p 

|. 0.05) (Table 1). 

Immediate significant (p « 0.05) increases in systolic. 
blood pressure and pulse pressure was noted following 
saline and mannitol administration. These increases were 
not sustained throughout the observation period. All 
groups demonstrated significant blood pressure increase 


McNAMARA, MOLOT, DUNN AND STREMPLE 


Ann. Surg. * Aug. 1972 


(p « 0.05) at 30 minutes over initial baseline values. 

The actual magnitude of increase of systolic and 
diastolic blood pressure and pulse pressure was signifi- 
cantly greater in the glucose group than any of the other 
three groups ( Table 2). 

The increase in serum lactates was significant in saline 
group (p » 0.05) but not in the mannitol or control 
groups. Observed changes in pH in these three groups 
were not significant. Apparent metabolic improvement 
in the glucose group as evidenced by decreased lactate 
and increased pH did not prove statistically significant 
(p > 0.05) (Table 3). 

All groups received similar volumes of blood during 
the course of resuscitation ( Table 4). 


Discussion 


The present data indicate that hypertonic glucose, 
administered acutely, increases blood pressure and pulse 
pressure in young men in hypovolemic shock. This in- 
crease is apparently out of proportion to that resulting 
from its hypertonicity or volume expanding qualities. 
Early increase in blood pressure and pulse pressure with 
similar osmolar doses of mannitol and saline were short- 
lived and of lesser magnitude than with glucose. These 
smaller changes appeared due to volume expansion 
alone. By the end of 30 minutes, all groups had experi- 








TABLE 1. Mean Systolic and Diastolic Blood Pressures, Pulse Pressures and Changes in Each Parameter with Time 
Pulse 
Systolic Change Diastolic Change Pressure Change 
Time mm Hg mm Hg mm Hg mm Hg mm Hg mm Hg 

Glucose Baseline 63 36 27 
8 ‘Patients 5 111* 48 65* 29 47* 19 
10 119* 55 66* 30 53* 25 
15 124* 61 66* 30 58* 31 
20 118* 55 66* 30 52* 24 
25 116* 52 68* 32 48* 21 
30 112* 48 68* 32 44* 16 

Saline Baseline 75 41 35 
7 Patients 5 99* 24 66* 25 33 —1 
10 92 17 51 10 41 7 
15 79 4 43 2 35 2 
20 88 13 46 6 42 6 
25 89* 14 52 10 39 4 
30 102* 27 61* 21 Al 6 

Mannitol Baseline 71 35 36 
10 Patients 5 94* 23 46 11 49* 15 
10 92* 21 52 17 41 6 
15 92* 21 54 19 38 2 
20 87 16 45 10 42 0 
25 85 14 4T 11 38 1 
30 88* 17 51 15 38 1 

Control Baseline 74 39 35 
6 Patients 5 79 5 38 —1 41 5 
10 75 1 44 5 31 —4 
15 77 3 37 0 40 6 
20 78 4 45 6 33 —3 
25 84 10 53 14 31 —5 
30 89* 15 54 26 35 0 





* Denotes p « 0.05 for comparison of error of means between value noted and baseline for that group. 


: TABLE 3. pH, Po,, Arteriai Lactate and Glucose Changes During 


s, 
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TABLE 2. Comparison of Changes in Systolic and Diastclic Blood Pressure and Pulse Pressure between Groups Treated with Glucose, Saline (S) 
Mannitol (M) and Control (C) 
Time Glucose C S M Saline C M Mannitol C S Control 
5 48 X X X 24 x 23 x 5 
Systolic Blood 10 55 X X X 17 X 21 X 1 
Pressure Change 15 61 X x X 4 21 X 3 
mm. Hg 20 55 X Xx x 13 16 4 
25 52 x X x 14 14 10 
30 48 X X x 27 17 15 
5 29 x 25 X x 11 —1 
Diastolic Blood 10 30 X 10 17 5 
Pressure Change 15 30 X X 2 19 X 0 
mm. Hg 20 30 X x 6 10 6 
mm. Hg 25 32 10 11 14 
30 32 21 15 16 
5 19 X x —1 15 x X 5 
Pulse 10 25 X x X 7 X cC 6 —4 
Pressure Change 15 31 X X X 2 2 6 
mm.Hg 20 24 x x x 6 X 0 —3 
25 21 X X 4 1 —5 
30 16 X 6 1 0 








"X" indicates p « 0.05 when magnitude of change compared with corresponding change in reference group. 


enced significant increase in blood pressure commensu- 
rate with blood replacement and other resuscitative 
measures. 

Metabolic parameters studied showed no significant 
difference between groups. Differences in serum lactate 
levels are difficult to assess over such a brief period of 
time. The significance of the Pos changes can, similarly, 
not be assessed as overall ventilatory changes have un- 
doubtedly occurred. Patients were not given supplemen- 
tal oxygen prior to the obtained Po; values. The alkalosis 
was characteristically respiratory and has been previously 
documented by numerous investigators.5:1? 








Study Period 
Baseline 15 Min. 30 Min. 
Control 7.39 7.42 7.40 
Saline 7.46 7.45 7.45 
pH 
Mannitol 7.46 7.45 7.43 
Glucose 7.42 7.39 7.47 
Control 47.0 56.1 55.6 
Saline 44.4 59.3 60.2 
Latate 
mg./100ml. | Mannitol 51.2 55.2 54.6 
Glucose 63.5 57.2 59.5 
Control 67.3 101.5 63.7 
. Saline 78.3 71.6 84.4 
Pog mm. Hg 
Mannitol 77.1 92.2 80.2 
Glucose 106.0 104 90,9 
Control 251 246 253 
Saline 224 253 257 
Glucose 
mg./100 ml. 
Mannitol 208 211 225 
Glucose 245 505 373 





These relatively limited hemodynamic studies demon 
strate responses in man identical to that in experimenta 
animals within the limitations of the parameters studied 
More sophisticated studies in laboratory animals have 
shown that this increase in blood pressure and pulse 
pressure is attendant on an increase in cardiac out 
put.1516 Jt appears likely that this response in man i: 
due to a similar mechanism. There is further laboratory 
evidence that the increase in cardiac output is of suct 
magnitude as to produce the observed blood pressure 
increase in the face of a decrease in peripheral vascula: 
resistance. Improvement in peripheral tissue perfusior 
has been inferred from the decreased vascular resistance 
and an improved survival rate in experimental shocl 
models following treatment with 50% glucose 1911 The 
present metabolic data in man are inconclusive anc 
allow no inference regarding metabolic improvement tc 
increased peripheral tissue perfusion. 

The mechanism of the hemodynamic responses to hy: 
pertonic glucose in animals and man is not known. Aus. 
ten et al, reporting preservation of function of anoxic 
myocardium with hypertonic glucose, hypothesize tha: 
glucose loading forces alteration of myocardial metabolic 
pathways from fatty acid metabolism, normally opera. 
tive under anaerobic conditions, to glycolysis, a more 
efficient pathway to maintain cellular energy stores. 
This is supported by Field and Cori who have showr 


TABLE 4. Blood Replacement 





Volume Replaced cc 





Group Before Study During Study Total 
Control 1200 1700 2900 
Saline 1400 1500 2900 
Mannitol 1500 1500 3000 
Glucose 1800 1080 2880 





250 


that glucose loading progressively increases glucose utili- 
zation under aerobic conditions to saturation of the 
transport system. Morgan et al? have shown a potential 
for increased glucose transport across the cell membrane 
and further, that when glucose is present during anaero- 
bic conditions no metabolic impairment occurs with 
restoration of an aerobic environment. 

Energy production during hypovolemic shock in the 
whole organism shifts primarily to anaerobic glycoly- 
sis. 5" This relatively inefficient system rapidly depletes 
stores of glucose as energy substrate, reducing the ability 
of the animal to compensate. Furthermore, considerable 
evidence exists demonstrating that glucose and insulin 
changes in shock are similar to those observed in dia- 
betes.* Elevated serum glucose levels are accompanied 
by decreased utilization. The shortage of energy sub- 
strate is thus compounded. Glucose loading may increase 
the absolute amount of glucose immediately available 
to the cell as energy substrate by shifting the equilib- 
rium, even in the absence of a normal insulin response. 
Recent evidence hy Drucker et al.5 indicates hypertonic 
glucose may actually elicit insulin secretion thus en- 
hancing this effect. 

Clearly, more data on glucose metabolism in shock 
are necessary before the actual role of exogenously ad- 
ministered glucose as an energy substrate can be estab- 
lished. Further clinical studies are currently indicated 
to investigate in more detail the hemodynamic effect and 
metabolic fate of acutely administered hypertonic glu- 
cose in man. These preliminary studies support labora- 
tory information indicating that hypertonic glucose may 
prove a valuable resuscitative adjunct by maintaining 

eripheral circulation during the period of restoration 
of blood volume. 


Summary 


Combat casualties in hypovolemic shock were resusci- 
tated in the usual fashion and, at the same time received, 
by random selection either nothing else or equal osmolar 
doses of 50% glucose, 25% mannitol or 3% saline. 

Glucose produced an increase in blood pressure and 
pulse pressure which was significantly greater and of 
longer duration than any of the other groups. 

The mechanism by which this occurs and importance 
in resuscitation is discussed. 
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An Analytical Method for Measuring Muscle Intracellula 
Fluid and Electrolytes in Hemorrhagic Shocl 


GEORGE JOHNSON, JR., M.D. AND F. CHARLES TUCKER, JR., M.E 


HE MEASUREMENT of intracellular electrolytes has 
T bea hampered by lack of a suitable instrument or 
analytical method. Most of the data concerning intracel- 
lular electrolytes are based on measurements of the 
concentration of electrolytes in red blood cells !* or on 
indirect methods? using chloride as an extracellular 
tag.7!7 Because chloride tends to enter the cell? this 
method is of limited value. 

Current interest in radioactive sodium sulfate 
(Naz®®SO,) 121416 stimulated us to use this extracellular 
tag in an indirect method of measuring intracellular 
electrolytes in the muscle of dogs both in the anesthe- 
tized (steady state) animal and during hemorrhagic 
shock. Serum and muscle water and electrolytes in hem- 
orrhagic shock will be a part of this report. 


Materials and Methods 


At least one week prior to the experiment, the spleens 
were removed from dewormed, healthy mongrel dogs 
weighing 15 to 20 Kg. At the time of this procedure, 
snares were placed around both renal pedicles and the 
ends were buried in the subcutaneous tissue of the flank. 

Seven or more days later, the animal was anesthetized 
with chloralose (1 Gm./Kg.) and cannulas were placed 
in the jugular vein and carotid artery. Arterial pressure 
and rectal temperature were obtained by methods to be 
described elsewhere. The renal pedicle loops were 
drawn tight, the occlusion and resulting anuria being 
confirmed by a catheter placed in the urinary bladder. 
A biopsy from the rectus abdominis muscle (estimated 
weight, 5 Gm.) and 10 ml. of blood from the arterial 
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cannula were obtained for counting background radio 
activity and for the preparation of standards. 


Control Studies 


The time required for the equilibration of sodium sul 
fate was determined in three dogs by injecting 40 
microcuries of Nas®°SO, and obtaining serum and mus 
cle biopsies every 10 minutes for 70 minutes (Fig. 1) 
Sixty minutes were required for the isotope to achiev 
equilibration. 

Control studies were then carried out according to th 
following schedule: After the injection of 400 microcurie 
of Nao®8SO, into the venous cannula, arterial bloo: 
samples were obtained every 10 minutes for 60 minute: 
Sixty minutes after the injection, a biopsy was take: 
from one deltoid muscle. 

To determine the variation in this method of measur 
ing intracellular electrolytes, four different muscle biop 
sies were obtained simultaneously; this procedure wa 
carried out in three animals. 

The accuracy and efficiency of the sample prepara 
tion and counting methods to be described were deter 
mined by putting a known amount of radioactive sulfat 
into a sample of muscle or serum. Samples for count 
ing were prepared, the radioactivity counted, and thi 
disintegration calculated on the basis of previously con 
structed quench curves. Disintegrations per minute cal 
culated were then compared to the radioactivity in dis 
integrations per minute added to the sample. 


Studies on Hemorrhagic Shock 


In the studies on hemorrhagic shock, control dat: 
were obtained by the method just described. While the 
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Minutes after injection 


Fic. 1. Serum and Muscle radioactivity following injection of 
, NaSO, in three control experiments. 


dog was still anesthetized, blood was rapidly removed 
from the carotid artery until the arterial pressure was 
maintained between 40 and 50 mm Hg. This never 
required more than 30 minutes. After 60 minutes of 
shock, the animal was given another injection of sodium 
sulfate (400 microcuries). Serum and muscle samples 
were then obtained every hour until the animal died 
(Fig. 2). 

Arterial pressure, rectal temperature, and arterial pH, 
Po, and Pco;? were measured at hourly intervals 
throughout the experiment. l 


Analytical Methods 


All samples were divided into three parts and each 
analysis was performed in triplicate. 


Serum 


Serum sodium and potassium concentrations were de- 
termined with a flame photometer ** and chloride con- 
centration was determined with a Cotlove chloridom- 
eter.?*° Results were expressed as milliequivalents of 
the electrolyte being measured per liter of serum—for 
example, mEq. Na/L serum. 

Radioactivity was counted in 0.5 ml. samples of serum 
by the following method: The sample was mixed with 
2.4 ml. of solubilizer ł in a 20 ml. glass scintillation 
counting vial and allowed to stand overnight. The next 
morning the samples were heated for 5 hours in a dry- 
ing oven at 50°C, and 15 ml. of a scintillation fluid tt 
was added. Radioactivity (counts per minute) was then 
determined in a refrigerated scintillation counter ft for 
at least 50,000 counts. Quenching of the samples was 





* Arterial pH and gases were measured on a blood gas analyzer, 
Instrumentation Laboratory, Inc. 

?* Instrumentation Laboratory 143L. 

?**? Model II. : 

1 Nuclear Chicago Solubilizer. 

1*4 gm 2,5-diphenyloxazole (PPO), 30 mg of 1-4-bis-(5- 
phenyloxazolyl)-benzene (POPOP), and 1 L of toluene. 

1H Nuclear Chicago Mark I. 
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determined by a channel ratio method, barium sulfate 
being used as the external standard. Using this informa- 
tion, the counts per minute (CPM) were corrected to 
disintegrations per minute (DPM), and the results re- 
corded as DPM/ml serum. Background counts were 
consistently less than 100 CPM. As an internal standard; 
to verify the counting technics, Na, SO, of known 
radioactivity dissolved in toluene was added to random 
samples and the counting procedure repeated. ` 

To determine serum water, 2 ml. of serum were placed 
in a l0-m]. tared Erlenmeyer flask, dehydrated for 72 
hours in a vacuum drying oven set at 70° C and —20 
pounds per square inch, and then reweighed. The ratio 
of water to serum (ml. water/ml. serum) was calculated 
on the basis of the difference in weight. l 


Muscle 

After excess fat and blood were removed, the muscle 
was placed in a tared Erlenmeyer flask and weighed 
(wet weight). It was weighed again after being dehy- 
drated (dry weight), and then again after being ground 
and redried (dry and ground weight). The fat was then 
extracted with ether? and after the sample had been 
redried, it was weighed a final time, the results being 
expressed as grams of fat free dried solid (ffds). 

To determine the electrolyte content of each muscle 
biopsy, an aliquot of ffds was weighed and disolved in 
10 ml. 0.75-M nitric acid. After 72 hours, the mixture 
was centrifuged and the supernatant analyzed as de- 
scribed above for sodium, potassium, and chloride. The 
following formula was used to determine the amount of 
each electrolyte in the samples: 





* After the supernatant ether had been removed and evaporated, 
radioactivity in the residue was negligible. This finding indicates 
that no appreciable amount of radioactivity was lost in the ether. 
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Fig. 2. A typical shock experiment. Muscle radioactivity (open 
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tion of 400 microcuries of Naz25SQ,. 
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The following method was used for determining ra- 
dioactivity. Distilled water (0.3 ml) and solubilizer 
(2 ml) were added to a weighed aliquot of ffds. After 
standing overnight, the solution was heated for 5 hours 
at 50°C to complete digestion of the ffds. Scintillation 
fluid (15 ml) was added, and the radioactivity was 
determined by the method described for serum. Back- 
ground counts were less than 100 CPM. Data were ex- 
pressed as DPM/100 Gm. ffds. 


Calculations 


. The steps used in calculating intracellular electrolytes 
in muscle are detailed in Table 1. The data were calcu- 
“lated from the raw data (given iri italics in the text) 
by àn IBM 1130 computer programmed specifically for 
this study. 


Results 


Control Studies 


The counting efficiency " was greater than 80% for 
setum; for muscle it varied from 39 to 57% (Table 2). 
If the DPM calculated is compared to DPM added, the 
method in both serum and muscle is more than 90% 
accurate. 

The standard deviation of the radioactivity from any 
one sample site was always less than 8% of the mean 
radioactivity (Table 3). The standard deviation of in- 


we tracellular electrolytes in muscle biopsies obtained from 


four different sites in the same animal at the same time 
was always less than 18% of the mean value (Table 4). 
The values for intracellular potassium in the dog, as 
measured by the method described here, were lower 
than those reported by other workers using chloride as 
the extracellular marker on human subjects; values for 





? Counts per minute + cistintegrations per minute x 100. 
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Steps in Calculating Intracellular Electrolytes in Muscle— 
(Using Sodium as an Example) 


TABLE 1. 





1. Correction for amount lost when sample was ground. 
Dry and ground weight* 





= Correction factor (CF) 
dry weight* i 

2. Serum DPM* X Donnan factor for isotope 

= muscle DPM/ml inst. 





, ml vater/ml serum* 
3. Muscle DPM/100 gm ffds* 
M —— « anl inst./100 gm ffds** 
Muscle DPM/ml inst. 
4. Wet-weight muscle* — dry-weight muscle* = nil total water 
5. MI total water X CF = ml total water/gm total ffds of the 
sample í 
6. MI total water/gm total ffds of the sample X 100 





Gm ffds in sample* 
= ml total water/100 gm ffds** 
7. Ml total water/100 gm ffds — ml inst./100 gm ffds = ml “ICF"'/ 
100 gin ffds** 
8. mEq Na/ml serum* X Donnan factor for electrolyte 
— Na inst. 





water/cc serum 
9. Na inst. X ml inst./100 gm.ffds = mEq inst. Na/100 gm ffds** 
10. Total mEq Na/100 gm ffds* — mEq inst. Na/100 gm ffds 
= "ICF" Na/100 gm ffds** 
11. "ICF" Na/100 gm ffds X 1000 





= “ICR” Na in mEq/L** 
“ICF” water/100 gm ffds 





raw data (italicized in text) 
computer output 


DPM = disintegrations per minute. 
ffds = fat-free dried solid. 
inst. = interstitial fluid. 
ICF = intracellular fluid 
Na = concentration of sodium 


** 


sodium and chloride were essentially the same, however 
( Table 5). 


Studies on Hemorrhagic Shock 


Serum and muscle radioactivity counts from a typical 
experiment are plotted in Figure 9. Survival times fol- 
lowing reinjection of the isotope were as follows: 


60-119 min.—6 dogs 
120—189 min. —2 dogs 
190-239 min.—6 dogs 
240+ min. —2 dogs 


Table 2 Accuracy and Efficiency of the Sample Preparation and Counting Methods 














. Serum Muscle 
Radioactivity 
Exper- Added to Sample No. Mean SD Effi- Calculated No. Mean SD Eff- Calculated 
iment (DPM)* Samples CPM SD  ciency"* DPM*** Samples CPM SD ciency** ° DPM*** 
1 87,614 5 72,184 648 82% 86,281 5 34,305 915 39% 83,923 
2 95,630 5 88,450 484 92% 93,562 5 54,583 1,632 57% 97,812 
3 111,227 5 95,988 471 86% 113,420 5 59,770 427 54% 107,213 








SD = Standard deviation 


* [ri these experiments, the same amount of isotope was added to control samples of fat-free dried solid and of serum just before counting: 


** Mean CPM/DPM added to the sample. 


*** Mean CPM corrected for quenching by a previously constructed quench curve. 
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TABLE 3. Variations in the Radioactivity of Samples Obtained from the Same Biopsy Site or Specimen of Blood 
Muscle Serum 
. Mean Mean 
Experiment No. Samples DPM/Gm SD SE No. Samples DPM/Gm SD SE 

1 5 51,835 2,482 1,108 3 125,656 1,946 1,125 
2 3 59,064 2,352 1,360 3 126,334 568 326 
3 3 51,527 4,333 2,504 3 126,788 1,228 707 
4 3 42,873 2,247 1,299 3 120,766 360 205 
5 3 50,788 3,575 2,063 3 115,507 1,096 490 
6 3 47,371 2,145 1,239 3 107,299 878 507 
7 3 48,753 3,671 2,120 3 106,521 484 279 

SD = Standard deviation 

SE = Standard error 


The results reported are those obtained on the last sam- 
ple before death. 

Sulfate space (“extracellular” *) water increased (Ta- 
ble 6), although this increase was noted only in the 
samples taken 120 minutes or longer after reinjection. 
The ratio of water to serum also increased, but total 
water, whether based on fat free dried solid or on wet 
muscle and “intracellular” water, did not change sig- 
nificantly. 

Serum sodium rose while total and intracellular so- 
dium fell slightly but significantly (Table 7). Serum 
potassium, total potassium, and intracellular potassium 
all rose (Table 8). Serum and total muscle chloride 
(Table 9) did not change. The amount of chloride in 
the muscle samples was too small, and our method too 
crude to permit accurate calculation of intracellular 
chloride. 

Arterial pH and gases (Table 10) were typical of 
those seen in the severe metabolic acidosis which usu- 
ally accompanies terminal hemorrhagic shock. 


Discussion 


Walser and associates 1° have presented data demon- 
strating that NaSO; is a reliable indicator of the ex- 
tracellular fluid space in the steady state. The repro- 
ducibility of our results and their similarity to values 





* Extracellular is placed in quotes to emphasize our concern 
over the relationship of sulfate space and extracellular space, 
especially in hemorrhagic shock. 


reported in human subjects by workers using different 
techniques indicate that Na.*5SO,, when used in the 
manner described, accurately reflects the extracellular 
volume during the steady state. 

Anderson and associates! have reported that hemor- 
rhagic shock lengthens the time required for equilibra- 
tion of sodium sulfate, thereby increasing the likelihood 
that the tag will enter the cell! Our data confirm the 
increased equilibration time during hemorrhagic shock 
and suggest the need for sampling to be continued as 
long as possible after injection of the extracellular tag. 
The results obtained at various intervals after injection 
of isotope are presented in another publication. 

Our finding that radioactivity in the muscle is in- 
creased during hemorrhagic shock confirms data re- 
ported by Newton.!? On the basis of the rise in muscle 
counts, there was an apparent increase in sulfate space 
(Table 6), due perhaps to the entry of sodium sulfate 
into the cell, to its incorporation into organic compounds, 
or the interstitial gel.> During the same period, however, 
the serum concentration of sodium sulfate was not de- 
creased, as one would expect it to be, if sodium sulfate 
alone moved into the cell unaccompanied by water. 
These findings suggest either that the extracellular fluid 
is increased during hemorrhagic shock, or that both 
water and sulfate leave the extracellular fluid space. 

The rise in serum water that we observed during 
shock confirms data presented by Lister and associates ™4 
and suggests a movement of fluid into the vascular space. 
This should have no influence on our data, if the extra- 

















TABLE 4. Variations in the Intracellular Electrolyte Concentrations Among Muscle Biopsy Samples Obtained from Four Different Sites in the 
Same Animal at the Same Time 
Sodium Potassium Chloride 
No. Mean Con- Mean Con- Mean Con- 

Experiment Samples centration SD SE centration SD SE centration SD SE 

1 4 10.3 mEq/L 1.0 0.5 141.4 mEq/L 6.2 3.1 0.9 mEq/L 0.1 0.1 

2 4 12.3 mEq/L 2.2 1.1 — 138.6 mEq/L 2.7 1.4 1.6 mEq/L 0.3 0.2 

3 4 10.1 mEq/L 1.8 0.9 142.4 mEq/L 9.4 4,7 1.4 mEq/L 0.3 0.1 
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TABLE 5. Mean Intracellular Concentrations of Electrolytes in Muscle, As Reported by Different Investigators 
Sodium Potassium Chloride 
Author Method Species (mEq/L) SD (mEq/L) SD (mEq/L) SD 
Talso et al., 1953!5 Uncorrected Human 17 8 153 8 — — 
chloride 
Barnes et al., 1957? Uncorrected Human 26 12 150 11 — — 
chloride 
Litchfield et al., 1958120 Uncorrected Human 10 6 164 12 — ~~ 
chloride 
Josephson, et al? Chloride or Human i 3 167 12 — — 
sodium 
Graham et al., 19677 Corrected Human 19 6 167 11 4.3 0.2 
chloride 
Present study Najs*S0, Dog 13* 5 143* 7 3.1 3.4 
* These figures represent the means of 25 different animals and do not correspond to the means of Table 4. 
TABLE 6. Fluid in Serum and Muscle During Control Period and Hemorrhagic Shock 
Interval after Reinjection (Minutes) of Isotope 
60 120 180 240 Total 
Number in Experiment 6 2 6 2 16 
C S C S C S C S C S 
'Total water 308 312 315 308 319 330 339 347 317 324 (p = 0.1) 
(ml./100 Gm. ffds) 
Total water 72 73 73 74 74 74 75 76 73 74 (p = 0.5) 
(mL./100 Gm. wet muscle) 
"ECF" 41 42 43 50* 35 48* 34 37* 38 44* ` (p = 0.01) 
(ml./100 Gm. ffds) 
“ICE” 265 270 270 256 282 283 276 309 273 278 (p = 0.3) 
(m1./100 Gm. ffds) 
Water in serum (92) 92.0 92.7* 91.0 93.3 92.3 92.6 93.5 94.5 92.2  92.9* (p 0.01) 
* Significant difference 
C = control 
S — shock (the last value before death) 
TABLE 7. Sodium in Serum and Muscle During Control Studies and Hemorrhagic Shock 
Interval after Reinjection (Minutes) of Isotope 
60 120 180 240 Total 
Number in Experiment 6 2 6 2 16 
C S C S C S C S C S 
Serum sodium 146 149* 145 150 145 149 145 150 145 149* (p = 0.05) 
(mEq/L) 
Total sodium 11.3 10.2 11.6 11.5 10.6 10.4 12.8 13.6 11.2 10.8* (p = 0.05) 
(mEq/100 Gm. ffds) 
"ICF" sodium 4.0 3.0* 4.4 3.4 4.9 4.3 4.6 3.4 4.4 3.5* (p = 0.004) 
(mEq/100 Gm. ffds) 
"ICF" sodium 15.2 12.2 16.2 13.4 16.9 14.9 20.0 13.0 16.3 13.3* (p = 0.03) 
(mEq/L) 





* Significant 


difference 
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TABLE 8. Potassium in Serum and Muscle During Control Studies and Hemorrhagic Shock 





Interval after Reinjection (Minutes) of Isotope 









































60 120 180 240 Total 
Number in Experiment 6 2 6 2 16 
C S C S C S C S C S 
Serum potassium 3.2 3.6 4.1 9.7 3.6 5.1 3.3 6.2 3.5 5.2* (p = 0.003) - 
(mEq/L) . 
Total potassium 38 39 41 41 39 41 37 40* 38 40 (p = 0.01) 
(mEq/100 Gm. ffds) 
“ICF” potassium 37 39 38 40 39 41 39 40 38 40* (p = 0.004) 
(mEq/100 Gm. ffds) 
“IFC” potassium 142 146 140 146 137 144 142 152 140 146* (p = 0.01) 
(mEq/L) 
* Significant difference 
TABLE 9. Chloride in Serum and Muscle During Control Studies and Hemorrhagic Shock 
Interval after Reinjection (Minutes) of Isotope 
60 120 180 240 Total 
Number in experiment 6 2 6 2 16 
C S C S C S C S C S 
Serum chloride 107 108 106 109 111 113 96 96 107 108 (p = 0.2) 
(mEq/L) 
Total muscle chloride 7.7 §.3 9.4 9.3 11.6 13.6 11.2 12.0 9.6 9.1 (p = 0.7) 
(mEq/100 Gm. ffds) 
TABLE 10. Arterial pH and Gases During Control Studies and Hemorrhagic Shock 
Interval after Reinjection (Minutes) of Isotope 
60 120 180 240 Total 
Number in Experiment 6 2 6 2 16 
C S C S C S C S C S 
pH 7.3 7.1* 7.3 7.0 7.5 7.2* 7.5 7.2 7.4 7.1* (p = 0.004) 
Po, 70 70 84 76 87 84 94 84 83.7 71.4 (p = 0.1) 
Pco, 35 38 35 29 26 29 33 29 31.0 31.7 (p = 0.8) 











* Significant difference 


cellular tag also moves freely across the capillary wall. 

A movement of sodium into the serum is suggested by 
the hypernatremia and the decrease in muscle sodium. 
Since the serum water increased as the serum sodium 
rose, dehydration; can be excluded as a cause of this 
change. A possible explanation is the movement of ex- 
tracellular fluid into the serum; by reducing the per- 
centage of solids in the serum, this would allow an in- 
crease in the ratio of sodium to serum, even though the 
amount of sodium in serum water remained constant. 
If this explanation is correct, it might also help to ex- 
plain the rise in serum potassium. 

The increase of potassium in all compartments is dif- 
ficult to explain. Part, if not all, of this increase may be 
due to the hemolysis of red cells. 

We are unable to fully interpret the small shifts found 


in water, sodium, and potassium in the muscle. The 
data suggest that sodium moves out of the muscle mass 
and potassium moves in with little change in water. This 
is against the intracellular movement of sodium and the 
extracellular movement of potassium, a finding that 
would support a defect in the cell membrane pump. 
Although the method used may be too inaccurate to 
demonstrate minor fluid and electrolyte shifts, massive 
movement, if present, should have been noted. 


Summary and Conclusion 


An analytical method of determining intracellular 
electrolytes in muscle has been described. This method, 
employing NaSO, as a tag, is apparently accurate in 
dogs during the steady state. Hemorrhagic shock, how- 
ever, introduces the possibility of inaccuracies. Total 


Ce d g 
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muscle and serum electrolytes were measured as a part 
of this study. 
Data obtained just before death from hemorrhagic 


' shock in dogs demonstrate a significant rise in water, 


potassium, and sodium in the serum and in the total and 
intracellular potassium of muscle, together with a fall in 
total and intracellular sodium in muscle. Extracellular 
fluid apparently rose, although fluid in other compart- 
ments showed no change. 
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December 21, 1971 

Jonathan E. Rhoads, M.D., 
Chairman of the Editorial Board 
Annals of Surgery 

3400 Spruce Street 

Philadelphia, Pa. 


Dear Dr. Rhoads: 


Unfortunately Dr. Clagett is completely misinformed 
in stating that "the Board of Plastic Surgery has made 
it mandatory that their candidates master the art of 
making the female breast either bigger or smaller as 
` circumstances indicate" (August 1971 Annals of Sur- 
gery, p. 330). The statement simply is not true nor has 
it ever been so. Ás a past Chairman of the American 
Board of Plastic Surgery and as one vitally interested 
in the development of all of surgery for the optimal 
benefit of patients, I am disappointed that Dr. Clagett 
lacks minimal background information regarding the 
relationships of the specialty of general surgery with 
that of the other specialties. l 
. Specialties have developed to fulfill needs; contrary 
to Dr. Clagett’s insinuation that the American Board of 
Plastic Surgery, together with the other specialty boards, 
are trying unnecessarily to divide up general surgery 
into small subspecialty categories, it should be realized 
that specialties can develop surgical experience and 
techniques and return them to the general body of 
surgery for the benefit of patients. M. Mason, quoted by 
Dr. James Barrett Brown! expressed this well and 
cited the development of skin grafting as an example: 
"Plastic surgery has made a real impact on all surgery. 
A whole group of plastic surgeons, serious-minded and 
earnest, with meticulous techniques, with respect for 
tissues, and blood supply, has called attention to all 
surgeons to the importance of these principles in all 





1. Mason, M. Quoted by: Brown, J. B. A Summary of Develop- 
ment in Plastic Surgery from 1905 to 1955. Surg. Gynecol. 
Obstet., 101:261, 1955. 


Letter to the Editor 


surgery. Plastic surgery is no longer synonomous with 
skin grafting; the plastic surgeon has put skin grafting 
where it belongs as a technique of surgery applicable - 
to all fields of surgery just as is suturing or hemostasis”. 

The American Board of Plastic Surgery was originally 
an affiliate of the American Board of Surgery and has 
been closely associated with the American Board of 
Surgery over the past thirty years. Over one-half of 
those certified by the American Board of Plastic Surgery 
are also diplomates of the American Board of Surgery. 

Dr. Vilrav Blair back in the 1930's when arguing for 
the establishment of the American Board of Plastic 
Surgery stressed the need to legitimatize esthetic, or 
cosmetic surgery. He mentioned that esthetic surgery 
at that time was considered beyond the fringe of legi- 
timacy; yet, he also noted that when staff members 
required the special skills of these "cosmetic surgeons" 
they had to seek information surreptitiously about the 
"practitioner around the corner". 

Plastic surgery continues to make broad contributions 
to general surgical fields as well as to advance the justi- 
fiable field of esthetic surgery. This field of esthetic 
surgery is beset with difficult problems which must not 
be lightly put aside. Patient happiness, security, and 
success can result from its judicious selection and prac- 
tice. This requires a sense of understanding, propriety 
and judgement which is not easy to acquire and is 
somewhat difficult to teach. A successful rhinoplasty in 
the well motivated young woman is a good operation. 
Characteristically, the patient walks more proudly, enjoys 
people more and meets life's challenges with greater 
poise and equanimity. Well selected and well executed 
esthetic surgery is worth all the soul searching and 
doubts that surround the decision for or against the 
operation. 

No matter how a specialty board sets up its own 
boundaries or requirements, it is the public which acts 
as the final arbiter. 

Sincerely yours, 
Joseph E. Murray, M.D. 
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"Start Plasmanate Solution Now!” 








Sas 


Four important words in surgery. 


The transfusion of whole blood is still absolutely 
indicated in the treatment of severe hemorrhagic 
shock. But, because of the danger of hepatitis, it is 
recommended that the use of whole blood be re- 
stricted and solely determined by the oxygen require- 
ments of the patient.(1) 

Plasmanate® (Plasma Protein Fraction-Human- 
5% U.S.P.) gives a reliable volume effect without the 
danger of transmitting the hepatitis virus. And... 
“infusion of 500-1000 ml. of Plasmanate effects no 
change in bleeding time, coagulation time and 
prothrombin time.’’(2) 

Plasmanate Solution is primarily indicated in treat- 
ment of shock where there is predominant loss in 
plasma proteins without a commensurate loss in red 
blood cells. It gives reliable volume expansion where 


Summary of prescribing information: 


Plasmanate® plasma expander is stabilized, buffered, 5% solution of 
selected plasma proteins: 88% serum albumin, 7% alpha globulin, 5% 
beta globulin. Standardized electrolytes consistently deliver lower sodium 
(110 mEq.L), potassium (0.25 mEq.L), and chloride (50 mEq.L), than 
plasma or 25% albumin. Each flask is heat-treated at 60°C. for 10 hours 
against the possibility of transmitting the hepatitis virus. Indications: 
Shock from hemorrhage, burns, crushing injuries, abdominal emergencies 
and other causes when there is predominate loss of plasma fluid and not 
red cells. Also, treatment of hypoproteinemia. Contraindications: Con- 
traindicated in presence of severe anemia or congestive cardiac failure. 
Warning: Observe hypervolemic patients carefully during and following 
infusion to avoid circulatory embarrassment and pulmonary edema. 
Adverse Reactions: Rare instances of nausea, possibly caused by patient's 
illness alone. Precautions: Administer intravenously only. Do not mix or 
infuse through the same set with either Protein Hydrolysate solution or 
those containing ethyl alcohol. Plasmanate Solution does not contain 
coagulation factors and should not be relied on to treat coagulation 
defects. Use with care in patients with normal or increased blood volume. 


NOTE: For complete prescribing information, consult package directions. 


shock exists, there are no cross matching problems, 
nor have any allergic reactions been reported. 

This pharmacologic solution provides the major 
plasma proteins: albumin, alpha and beta globulins. 
It is ideally low in sodium, potassium and chloride 
content, and does not cause dehydration. 

Plasmanate solution is fractionated solely from 
venous blood. 
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Plasma Fractions. 
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Golden microbicidal lather for 
optimal degerming of skin 


Selected by NASA for decontamination procedures in Apollo 11/12 Splashdowns, BETADINE 
Surgical Scrub offers outstanding advantages for degerming the hands of the surgical team. 
Some scrubs are merely bacteriostatic. BETADINE Surgical Scrub is decisively microbicidal. 


Some scrubs inhibit mainly gram-positive bacteria. BETADINE Surgical Scrub kills both gram-positive 
and gram-negative bacteria. 


Some scrubs have a limited antibacterial action. BETADINE Surgical Scrub kills bacteria, fungi, 
viruses, protozoa, and yeasts. 


Some scrubs require repeated usage for several days before achieving their full antibacterial effect. 
BETADINE Surgical Scrub is fully effective with each application. 


Use BETADINE Surgical Scrub for prompt, effective degerming action for operating personnel. 
BETADINE Surgical Scrub is virtually nonirritating. In the rare instance of local irritation or sensitivity, 
discontinue use in the individual. BETADINE Surgical Scrub does not stain the skin and natural 

fabrics. Bibliography available on request. 
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Free flowing 
SNYDER HEMOVAC. 


(pre-sterilized closed wound-suction system) 


prevents fluid pooling 
reduces risk of infection 


promotes healing 


Evacuator 

Spring assembly assures 

gentle negative pressure that 

remains constant as exudate 

volume increases. 

Temperature changes do not affect 

function. 

Calibrated transparent wall for 
uick determination of exudate 

volume. Tube connections seat 
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properly to maintain closed System 
integrity and offer minimum resist- 
ance to fluid passage. 

Closure allows easy emptying; 
suction can be reestablished 
quickly without disturbing the 
wound tubing. 


Needle 
Sharp cutting edges for 
precision perfor- A easy penetration. 
edges reduce fibrin Threaded end secures 
nd clotting. needle to tubing. 
COSME AS Three convenient needle 
sizes. Snyder Hemovac an 
appropriate conclusion to surgery. 
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Naturally, an imitation does not equ 
Synthetic chemicals often lack some vital factor Peet 
in the natural medicinal. " 

Take SENOKOT Tablets/ Granules, for example. This 
highly effective laxative gets a head start from Mother Nature 
— natural senna from the Cassia acutifolia plant h 
used as a laxative for over 1500 years. In SENOKC 
tions, this natural vegetable laxative is purified and refined 
into one of the most modern, virtually colon-specific, 
predictably gentle anticonstipants your patients can use. 

So when the situation calls for a gentle, predictably 
effective laxative, why not make the natural choice — 
SENOKOT Tablets or SENOKOT Granules. 

Supplied: SENOKOT Tablets (small, easy-to-swallow) 
— Bottles of 50 and 100. SENOKOT Granules (delicious, 
cocoa-flavored) — 4, 8 and 16 ounce (1 Ib.) canisters. 
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A Dulcolax suppository 
can do anything an enema can— 
except scare people. 


Just one suppository usually assures a predictable 
bowel movement in 15 minutes to an hour. Gone are the tubing, the 
“accidents,” and the bruised egos associated with enemas. 

For preoperative preparation, the combination of 
tablets at night and a suppository the next morning usually cleans the 
bowel thoroughly. Suppositories may also be particularly helpful when 
straining should be avoided, as in postoperative care. 

As with any laxative, abdominal cramps are occasion- 
ally noted. Dulcolax is contraindicated inthe acute surgical abdomen. 

Dulcolax'..the cure for enemaphobia 

bisacodyl NF 

Under license from Boehrínger Ingelheim G.m.b.H. GEIGY Pharmaceuticals, Division of CIBA-GEIGY Corporation, Ardsley, New York 10502 
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You are there . . . at the 1972 Clinical Congress 


of the American College of Surgeons . . . sitting 
in on key sessions . . . Panels, Symposiums, Post- 
graduate Courses . . . all through the medium of 
ACS/CLINITAPES. 


Now, a new audio-cassette recording service of 
the American College of Surgeons to keep you 
informed and up-to-date . . . in the privacy of 
your office . . . car. . . or home. You'll hear the 
actual programs from this year's Clinical Congress 
.. . recorded live and reproduced in high quality 
cassettes. You'll discover new dimensions to your 
personal program of continuing education. You'll 
be opening the door to a whole new world of 
vital information. 


Find out more about ACS/CLINITAPES . . . the 
only cassette program where you choose the 
titles. Use the convenient coupon. 






mn i Ny 
Nas D. ^ \ 


ro: [\CS/Clinitapes A 


55 EAST ERIE STREET * CHICAGO, ILLINOIS 60611 I 


| am interested in more details on ACS/Clinitapes. Please Ü 
send me, without obligation, information and current titles I 
as soon as available. AS-9 


Name 











City State Zip 


i 
I 
Street Address | 
A 
I 


DANGEROUS. 


WHEN 





‘SOAK-THROUGH! 
Danger of 
contamination 






from wet cloth - 
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drapes Twenty years ago Beck and 
Collette reported that when cloth drapes 
or gowns become wet, there is danger of 
contamination. Today, leaders in aseptic 
OR, techniques agree that wet cloth can 
` spread Contamination to the wound site. 
In 1969, Dineen reported gem 
wet — drapes allow bacteria to pass 
through the drape onto the sterile field. 
When a water-repellent material was used | 


(BARRIER Drapes), this did not occur. 


Results of Receht Reports on Bacterial Penetration?;" 


HIGH PENETRATION WITH WET CLOTH DRAPES- 
NO. PENETRATION WITH BARRIER* SINGLE-USE DRAPES 
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| More effective than cloth drapes “ 
a eer 0 providing protection against bacterial, 
\contamination.”’7 


Average of 5 tests per subject—f1 subjects—55 results for each fabric. 
(This is an actual photo of the back of a wet cloth drape. Previous page shows front of 
same wet drape.) 
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Darvon-N with A.S.A. Each tablet contains 100 mg. propoxyphene napsylate and 325 mg. aspirin. 


—— 


P d 


» £4. relief from mild to 


moderate pain for 
your injured patient... 


Tablets 


Darvon-N«a A.S.A. 


100 mg. propoxyphene napsylate and 325 mg. aspirin 


TM 
Darvon-N Each tablet contains 100 mg. propoxyphene napsylate 


Indication: For the relief of mild to moder 
ate pain. 

Contraindications: Hypersensitivity to pro- 
poxyphene and, in the combination product, 
to aspirin. 

This agent should not be used in children, 

since adequate data to establish safe con- 
ditions of use are lacking. 
Warnings: Propoxyphene napsylate may im- 
pair the mental and/or physical abilities re- 
quired for the performance of potentially 
hazardous tasks, such as driving a car or op- 
erating machinery, especially during the first 
few days of therapy. Therefore, the patient 
should be cautioned accordingly. 

Salicylates should be used with caution in 
the presence of peptic ulcer. 

Use in Pregnancy—The safety of the use 
of this agent during pregnancy has not been 
established. 


Drug Dependence—Tolerance, psycho- 
logical dependence, and physical depend- 
ence have been reported; the abuse liability 
of propoxyphene is qualitatively similar to 
that of codeine although quantitatively less 
Propoxyphene will not support morphine de- 
pendence. 

Precautions: Patients who have received 
narcotic drugs for long periods of time may 
have developed physical dependence, and 
the sudden substitution of ordinary doses of 
propoxyphene napsylate may result in an 
acute withdrawal syndrome. These symp- 
toms may be avoided by gradually reducing 
the dose of the prior medication as propoxy- 
phene napsylate is substituted for pain relief 

Salicylates present in Darvon-N with 
A.S.A.may enhance the effect of anticoagu- 
lants and inhibit the uricosuric effect of pro- 
benecid. In large doses, salicylates may 





also decrease Insulin requirements. 
Adverse Reactions: Dizziness, headache, 
sedation, somnolence, paradoxical excite- 
ment, insomnia, skin rashes, and gastro- 
intestinal disturbances (including nausea, 
vomiting, abdominal pain, and constipation) 
may occur with the recommended doses of 
propoxyphene. Euphoria may occasionally 
occur 

Salicylates present in the combination 
product may induce hypersensitivity, urate 
kidney stones, chronic gastro-intestinal 
blood loss, tinnitus, nausea, and vomiting. 
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Parenteral Hyperalimentation 


Metabolic Problems and Solutions 


STANLEY J. DUDRICK, M.D., BRUCE V. MACFADYEN, JR., M.D., 


IKE most other relatively new medical or surgical 
L technics, parenteral hyperalimentation has been ac- 
companied not only by improved therapeutic results, but 
also by an increasing awareness of the number and types 
of associated problems. As is the case with most forms 
of effective therapy, the incidence and severity of unde- 
sirable side-effects can be better understood, prevented 
or treated by careful application of principles derived 
from clinical and laboratory experience. 

In our series of more than 1300 seriously-ill patients 
receiving long-term total parenteral nutrition, many 
studies have been carried out in order to elucidate the 
magnitude and complexity of the inherent or induced met- 
abolic problems. This report 1) summarizes the met- 
abolic disorders encountered in our patients or reported 
in the literature, 2) discusses the mechanisms by which 
these derangements occur and 3) outlines the preven- 
tion or treatment of these problems based on an under- 
standing of their etiologies. 

A list of the metabolic abnormalities which have oc- 
curred in patients receiving various forms of long-term 
total parenteral nutrition is outlined in Table I. The 
most significant or most common problems will be dis- 
cussed. 
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Glucose Metabolism 


The rate of glucose metabolism in normal human sub- 
jects has varied between 0.4 and 1.2 Gm./Kg./hr.? Maxi- 
mum utilization occurs in infants, adolescents, and young 
adults, usually decreasing linearly with increasing age. 
Under normal conditions, the average human adult can 
utilize about 0.5 Gm. glucose/Kg./hr. Significantly im- 
paired glucose tolerance occurs in patients with latent 
or overt diabetes mellitus, other pancreatic diseases or 
disorders, stress, sepsis, shock, etc. (Table 2.) Parenteral 
administration of hypertonic glucose solutions initially 
must be at a slow, constant rate. Titrating against the 
parameters of glycosuria and blood glucose concentra- 
tion, the infusion rate can be increased cautiously to al- 
low delivery of the maximal tolerated glucose dose. 

Blood glucose levels are maintained ideally in the 
normal or slightly elevated range, and should never be 
allowed to exceed 200 mg./100 ml. Similarly, glyco- 
suria is avoided ideally, is acceptable and apparently 
safe at levels of 0.25 to 1.0 Gm./100 ml., and should 
not be allowed to persist at levels of 2.0 Gm./100 ml. or 
greater (4+ nitroprusside reaction). Prolonged severe 
glycosuria can lead to the development of hyperosmolar, 
non-ketotic hyperglycemic coma. The most frequent cause 
of this complication is an excessive rate of glucose in- 
fusion, which can be avoided or corrected easily. In pa- 
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TABLE 1. Metabolic Problems Associated with Parenteral Hyperalimentation 


Problems 


I. Glucose metabolism 

: A. Hyperglycemia, glyco- 
suria, osmotic diuresis, 
hyperosmolar non- 
ketotic dehydration and 
coma 

B. Ketoacidosis in diabetic 

mellitus 


C. Post-infusion hypogly- 
cemia 


II. Amino acid metabolism 
A. Hyperchloremic meta- 
bolic acidosis 


B. Serum amino acid im- 
balances 
C. Hyperammonemia 





Possible Etiologies 


Excessive total dose or rate of 
infusion of glucose; inadequate 
endogenous insulin 


Inadequate endogenous insulin 
response; inadequate exogenous 
insulin therapy 

Persistence of endogenous 
insulin production secondary 
to prolonged stimulation of 
islet cells by high carbohydrate 
infusion 


Excessive chloride and mono- 
hydrochloride content of 
crystalline amino acid solutions 
Unphysiologic amino acid 
profile of the nutrient solution 
Excessive ammonia in protein 





Problems 


Possible Etiologies 








B. Hypocalcemia 


C. Hypercalcemia 


D. Vitamin D deficiency; 
Hypervitaminosis D 
IV. 
A. Serura deficiencies of 
phospholipid linoleic 
and/or arachidonic 
acids serum elevations 
of A 5, 8, 11-eicosatrien- 
oic acid 
V. Miscellareous 
A. Hypokalemia 


B. Hyperkalemia 


Inadequate calcium administra- 
tion; reciprocal response to 
phophorus.repletion without 
simultaneous calcium infusion 
Excessive calcium administra- 
tion with or without high doses 
of albumin 

Inadequate or excessive 
vitamin D administration 


Essentiai fatty acid metabolism 


Inadequate essential fatty acid 
administration; inadequate vit- 
amin E administration 


Inadequate potassium intake 
relative to increased require- 
ments for protein anabolism 
Excessive potassium admin- 


hydrolysate solutions; arginine, 
ornithine, aspartic acid and/or 
glutamic acid deficiency in 
amino acid solutions; primary 
hepatic disorder 

Excessive protein hydrolysate or 
amino acid infusion 


D. Prerenal azotemia 
III. Calcium and phosphorous 
metabolism 
A. Hypophosphatemia Inadequate phosphorus ad- 
ministration, redistribution of 
serum phosphorus into cells 
and/or bone 


1. Decreased erythrocyte 
2, 3-diphosphogly- 
cerate 

2. Increased affinity of 
hemoglobin for oxygen 

3. Aberrations of erythro- 

' cyte intermediary 
metabolites 


tients with infection, glucose tolerance can be seriously 
impaired, and indeed, the sudden appearance of glycosu- 
ria in a patient receiving total parenteral nutrition may 
precede the clinical manifestations of sepsis by several 
hours. The response to glucose infusion in patients with 
overt or latent diabetes mellitus are similar to those fol- 
lowing an oral carbohydrate meal. Supplementary insulin 
must be given in approximately the same insulin: glucose 
ratio as with oral feeding. Glucose utilization is usually di- 
minished during anesthesia and operation; in the imme- 
diate postoperative period for 1 to 5 days; after major 
fractures, soft tissue trauma and burns; and in a variety 
of other situations ( Table 2). 

The most potent stimulus to pancreatic islet cell pro- 
duction of insulin is a continuous carbohydrate infusion, 
and plasma insulin levels usually rise to physiologic 
limits within a few weeks of parenteral hyperalimenta- 
tion. However, in some patients the capacity to produce 
insulin is impaired to the degree that exogenous insulin 
must be provided if caloric requirements are to be met 


istration especially in meta- 
bolic acidosis 

Inadequate magnesium admin- 
istration relative to increased 
requirements for protein 
anabolism 


C. Hypomagnesemia 


D. Anemia Tron deficiency; folic acid 
deficiency; vitamin By defi- 
ciency; copper deficiency 

E. Bleeding Vitamin K deficiency 

F. Hypervitaminosis A Excessive Vitamin A admin- 


istration 

Enzyme induction secondary 
to accelerated glucose metab- 
olism, possible hepatotoxicity 
secondary to amino acid 
imbalance; excessive glycogen 
and/or fat deposition in the 
liver 


G. Elevations in SGOT, 
SGPT and serum 
alkaline phosphatase 





TABLE 2. Condztions Associated with the Hyperosmolar Hyperglycemic 
Now-ketotic Coma of Parenteral Alimentation 





Excessive total quantity of dextrose infusion 
Excessive rate cf dextrose infusion 
Overt or latent diabetes mellitus 
Intraoperative response to anesthesia and surgery 
Immediate postoperative response to anesthesia and surgery 
Focal infection or generalized sepsis 
Shock 
Severe blunt trauma 
Major or multiple fractures 
Major full-thickness burns 
Intracraniai discrders, trauma, operation 
Acute or chronic renal failure 
Hepatic disorders or insufficiency 
Pancreatic disorders or insufficiency 
Acute or chronic pancreatitis 
Primary or metastatic malignancy 
Pancreatic fibrosis 
Geriatric patients 
Premature infants or full-term neonates 
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by glucose infusion. In such patients, exogenous insulin 
is added subcutaneously or to the nutrient solution in 
evenly divided doses of 10 to 25 units of regular insulin 
^ per 1000 calories. Fractional urine sugar determination 
("sliding scale") is very helpful and practical in this 
situation because the glucose is being administered at 
a constant rate, and quantitative urinary glucose can be 
accurately titrated with the appropriate addition of in- 
sulin. It appears that exogenous insulin does not sup- 
press production of endogenous insulin as does occur 
via the negative feedback mechanism of other endocrine 
organs; the pancreas may continue to increase its beta 
cell output to maximum quantities in response to glu- 
cose infusion. Thus, a patient who requires insulin 
initially at a specific glucose dose may become hypo- 
glycemic at the same glucose dose level later in his clini- 


1, eal course. Insulin shock can also occur for similar rea- 


sons when the initial condition that impaired glucose 
tolerance, e.g., sepsis, resolves. The importance of fre- 
quent, regular measurements of blood and urine glucose 
in avoiding and correcting these derangements cannot 
be overemphasized. 

Rebound hypoglycemia can occur whenever the hyper- 
tonic glucose infusion is stopped suddenly. Thus, the 
infusion must never be interrupted for infusion of blood, 
fat, or other fluids. Similarly, parenteral hyperalimen- 
tation must not be replaced during an operation by so- 
lutions which do not contain glucose, as this practice 
may result in a hypoglycemic episode which can seri- 
ously damage the central nervous system while being 
masked clinically by anesthesia. It is advisable to re- 
place hypertonic nutrient solutions with isotonic dex- 
-^trose during major surgical procedures to avoid rebound 
hypoglycemia as well as inadvertent hyperglycemic de- 
hydration. Post-infusion hypoglycemia can be avoided 
by gradually decreasing the rate of infusion over a few 
days, by giving isotonic glucose for at least 6 hours after 
stopping hypertonic glucose, or by reinstituting adequate 
oral caloric intake before cessation of parenteral hyper- 
alimentation. 


Amino Acid Metabolism 


Parenteral nitrogen has been provided most con- 
veniently by the infusion of hydrolysates of complete pro- 
teins such as fibrin and casein. However, these solutions 
have the disadvantages of containing large amounts of di- 
and tri-peptides and variable quantities of non-essential 
amino acids (Table 3). Usually such nitrogen moieties 
* can be utilized if adequate calories are also available. 

In patients with compromised renal and/or hepatic 
function, however, the infusion of protein hydrolysates 
can result in azotemia. This problem can be avoided or 
corrected by infusion of solutions of essential L-amino 
acids, as will be discussed later. 
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TABLE 3. Composition of Protein Hydrolysate Solutions 
Amino Acids Aminosol Amigen CPH  Hyprotigen 

(Gm./L) 5% 5% 196 10% 
L-lysine 4.00 3.10 3.50 7.00 
L-tryptophan 0.50 0.35 0.50 0.80 
L-phenylalanine 1.00 2.00 2.30 4.00 
L-methionine 1.00 1.30 2.20 3.20 
L-leucine 6.36 4.10 4.15 8.20 
L-isoleucine 2.18 2.60 2.40 5.00 
L-valine 1.63 3.10 3.00 6.00 
L-threonine 2.32 1.90 1.80 3.80 
L-arginine 2.90 — 1.50 — 
L-histidine 1.16 1.30 1.20 — 
L-glycine 2.08 — — — 
L-cysteine 0.30 — — — 
L-glutamic acid = — — 
L-tyrosine 5.56 — — — 
L-aspartic acid — — — 

Electrolytes Aminosol Amigen CPH  Hyprotigen 

(mEq/L) 596 3% 796 10% 
Sodium 10 35 39 50 
Potassium 17 19 18 36 
Chloride 7 22 14 36 
Calcium — 5 6 10 
Phosphate — 30 14 50 
Magnesium — 2 2 4 





Abnormal serum amino acid patterns have been docu- 
mented during and following the infusion of protein 
hydrolysate ë and crystalline amino acid solutions. In 
general the serum and urine aminograms reflect the 
amino acid profile of the mixture infused (Tables 3 
and 4). 

The differences in the electrolyte contents of the com- 
mercially available protein hydrolysate and crystalline 
amino acid solutions should be familiar to all physicians 
who use them. (Tables 3 and 4.) Although acid-base 
disturbances rarely occur secondary to protein hydrol- 
ysate infusion, hyperchloremic metabolic acidosis can 
easily result during infusion of the crystalline amino acid 
solutions. This is due to the fact that the solutions cur- 
rently available contain amino acids precipitated pri- 
marily as the chloride and/or hydrochloride salts ( Table 
4). Thus, utilization of one mole of an amino acid re- 
sults in liberation of one mole of chloride or hydro- 
chloric acid. Addition of other cations in the form of 
chloride salts, particularly NaCl or KCl, has resulted 
in an excessive chloride load and secondary metabolic 
acidosis in most of our patients given these solutions and 
additives. This complication can be avoided in adult pa- 
tients with normal renal function by use of sodium 
bicarbonate or lactate as the sodium salt and potassium 
phosphate or acetate as the potassium salt. However, in 
neonates, the chloride and hydrochloride loads may be 
too great for the kidneys to excrete, and metabolic 
acidosis may occur even when this precaution has been 
taken.* A possible approach to this problem is to formu- 
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TABLE 4. Composition of Amino Acid. Solutions 





McGaw Essential 

















] . Neoaminosol Cutter Cutte- Freamine Amino Acid 
Amino Acids (Gm./L) 5% 6% 8% 8.5% 5.25% 
L-lysine 8.00 4.00 6.67 7.70 8.00 
L-trytophan 1.00 0. 60(dl) 0.80 1.30 2.00 
L-phenylalanine 2.00 3.00 4.00 4.80 8.80 
L-methionine 2.00 3.20(dl) 4.21 4,50 8.80 
L-leucine 12.72 2.60 3.47 7.70 8.80 
L-isoleucine 4.36 3.70 4.93 5.90 5.60 
L-valine 3.26 1.90 2.53 5.60 6.50 
L-threonine 4.64 1.20 1.60 3.40 4.00 
L-arginine 5.80 4.80 7.49 3.10 — 
L-histidine 2.32 1.80 2.31 2.40 — 
L-glycine 4.16 25.20 33.87 18.00 — 
L-cysteine = 0.20 — 0.20 — 
L-glutamic acid — 3.20 4.26 — — 
L-tyrosine — — = = = 
L-aspartic acid — 3.00 4.00 — — 
L-proline — 0.80 1.07 9.50 — 
L-alanine — — — 6.00 — 
L-serine — = d 5.00 — 
McGaw Essential 
Neoaminosol Cutter Cutter Freamine Amino Acid 
Electrolytes (mEq/L) 5% 6% 8% 8.5% 5.25% 
Sodium 14 40 40 10 5 
Potassium — 30 30 — — 
Chloride 47 65 50 45 45 
Calcium = = — = Lll 
Phosphate = = — bd = 
Magnesium = 6 6 = = 
Acetate — 17 50 20 -— 








late solutions from amino acids which have been precip- 
itated as acetate or lactate salts. 

Hyperammonemia has been observed with the use of 
protein hydrolysates in the past, especially in premature 
infants and in patients with hepatic disorders. This was 
not unexpected because the hydrolysate solutions con- 
tain approximately 20,000 to 40,000 micromoles of free 
ammonia or ammonium ion per 100 ml. Indeed about 
8-10% of the nitrogen in some of these solutions is am- 
monia nitrogen. However, hyperammonemia has not 


been a significant complication of protein hydrolysate . 


infusions in patients with normal liver function. 
Recently hyperammonemia has been observed during 
administration of crystalline amino acid solutions. In 
neonates, blood ammonia levels as high as 823 »g/100 ml. 
were recorded and were sometimes accompanied by 
grand mal seizures.5 In our series of adult patients, blood 
ammonia levels were generally in the low normal range 
if one unit of crystalline amino acids were infused daily, 
in the high normal range if two units were given, and 
abnormally high if three units were given. This was not 
anticipated because the crystalline amino acid solutions 
contain only minute amounts of ammonia. Thus, the ef- 
fect was necessarily secondary to an abnormality of 
amino acid metabolism. Plasma aminograms showed vir- 


tually no argmine in the blood, and examination of the 
amino acid profiles of the crystalline amino acid solu- 
tion revealed a relatively low arginine content ( Table 4) 
when compared to the protein hydrolysates (Table 3). 
The hyperammonemia could be corrected by addition of 
2-3 mMoles/Xg. of arginine hydrochloride or arginine 
glutamate; however, this problem could be prevented by 
provision of these substances in doses of 0.5-1.0 mMoles/ 
Kg./day.® 

A possible explanation for this disorder is that the 
relative deficiency of arginine interferes with the effi- 
ciency of the urea cycle (Fig. 1). Deficiencies of orni- 
thine, aspartic acid and glutamic acid may also be re- 
lated to the development of hyperammonemia. The 
exact mechanism remains to be clarified. 

These problems underline the necessity for continued 
clinical study cf amino acid mixtures if safe and effective 
solutions are to be developed. 


Calcium and Phosphorus Metabolism — 


Parenteral hyperalimentation, in contrast to isotonic 
dextrose therasy, can promote significant hypophos- 
phatemia when solutions deyoid of phosphate are used. 
In a study of 2I patients with normal serum calcium and 
phosphorus levels prior to infusion, serum phosphorus 
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"Ammonia - Urea Cycle " 
Tricarboxylic 
aa oe av Ketoglutaric acid + NH3 
Amidase 

Oxaloacetic Glutamine Aspartic + a-Ketoglutaramic NH3 + CO2 
Fic. 1. The key role of acid transaminase acid acid Carbamyl- 
arginine, ornithine, and Malic 2 ATP phosphate 
aspartic acid in the con- dehydrogenose synthetase 
version of ammonia to Nucleic acids 
urea are illustrated in this uciel Carbamyiphosphate 
diagram. Additionally, Malic acid 
the activity of carbamyl 
phosphate synthetase, a Fumarase + 


rate limiting enzyme in 
this cycle, is increased in 


the presence of arginine. Fumaric acid+ Arginine 


Argininosuccinase 


Argininosuccinic 
acid 


NH3 


levels as low as 0.5 mg./100 ml. occurred uniformly 
within 10 days of starting total parenteral nutrition with 
solutions containing no calcium or phosphorus (Fig. 2). 
Urinary phosphorus excretion decreased from baseline 
levels of 450-1020 mg./day to approximately 10 mg./day 
while tubular reabsorption of phosphorus increased to 
>99%.7 Serum calcium levels and urinary calcium ex- 
. cretion remained essentially normal. Two patients with 
hypophosphatemia presented clinical findings consisting 
of circumoral and peripheral paresthesias, lethargy, dys- 
arthria and abnormal respiratory patterns. 

Reversal of the clinical and biochemical abnormalities 
occurred within a few days of stopping the solution and 
substituting isotonic dextrose therapy. The problem could 
be resolved by addition of phosphate to the hyperalimen- 
tation solutions in quantities of 10-15 mEq per liter. 
However because adddition of phosphate alone was 
sometimes accompanied by a sharp drop in serum cal- 
cium leading to tetany, calcium and phosphorus should 
always be given to such patients at the same time. These 
metabolic derangements can be easily prevented by rou- 
tinely including calcium gluconate and potassium phos- 
phate in all parenteral hyperalimentation regimens. It 
has been observed in some severely malnourished pa- 
tients that with the initiation of total parenteral nutrition, 
hypophosphatemia occurs despite the addition of 5 to 15 
mEq phosphate per liter, and larger doses may be re- 
. quired to maintain normal serum phosphorus levels. 

Associated with the hypophosphatemia in some ot 
these patients was a significant reduction in erythrocyte 







Arginase Urea +Ornithine 


Ornithine 
transcarbamylase 


NH3 


Aspartic acid, Mgt t: ATP 


Argininosuccinic acid 
synthetase 


Citrulline 


concentrations of 2, 3-diphosphoglycerate and adenosine 
triphosphate.? This in turn was accompanied by a strik- 
ing increase in the affinity of hemoglobin for oxygen. 





Fic. 2. Interrelationships of the serum and urinary calcium and 
phosphorus before, during and after termination of intravenous 
hyperalimentation solutions in a 22-year-old man with regional 
enteritis. 

TRP = tubular reabsorption of phosporus. 
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Additionally, there were decreases in red blood cell 
glucose-6-phosphate, fructose-6-phosphate, and several 
other intermediates, indicating that. erythrocyte glucose 
metabolism is dependent to some degree upon the serum 
inorganic phosphate concentration. 

In some patients, hypocalcemia was observed when 
no calcium was given for prolonged periods, and in 
others hypercalcemia occurred when calcium was ad- 
ministered with large amounts of albumin. Serum cal- 
cium and phosphorus levels should be obtained initially 
and every week during total parenteral nutrition to 
minimize metabolic problems with these elements. 


Fatty Acid Metabolism 


Patients who are severely malnourished or who have re- 
ceived prolonged intravenous hyperalimentation without 
supplemental fat have shown derangements of serum li- 
pids. The linoleic and arachidonic acids of the serum phos- 
pholipid fraction have been significantly reduced in some 
of these patients; these changes are associated with a 
reciprocal marked elevation in A 5,8,11-eicosatrienoic 
acid. Although no clinical essential fatty acid deficiency 
has been noted in our series of patients, the syndrome of 
scaly skin, hair changes, anemia, thrombocytopenia, in- 
creased red cell fragility, increased capillary perme- 
ability, and impaired wound healing has been reported 
in one adult? and in a few infants. 

Although the significance of the serum fatty acid de- 
ficiencies in our patients has not been established, the 
infusion of intravenous soybean oil emulsion (Intra- 
lipid) has been effective in avoiding or correcting these 
biochemical problems. Additional investigation is indi- 
cated in this important area of lipid metabolism. 


Metabolism in Renal Failure 


Although special parenteral solutions containing 
hypertonic dextrose and the eight essential r-amino 
acids in the Rose? formula profile have been admin- 
istered to more than 40 patients to minimize azotemia, 
the efficacy of this regimen has not clearly established 
under carefully controlled conditions. Following bilateral 
nephrectomy, young beagle dogs were divided into four 
groups. Group I consisted of six dogs fed food and 
water ad lib. The six dogs in Group II were infused with 
50 ml./Kg./day of 5% dextrose in water. Group III con- 
sisted of six dogs who received 50 ml./Kg./day of 57% 
dextrose solution. The six animals in Group IV were ad- 
ministered 50 ml./Kg./day of an isocaloric solution of 
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56% dextrose and 0.525 Gm./Kg./day of essential L-amino 
acids. Appropriate electrolytes and vitamins were added 
to all feeding regimens as indicated by serum chemis- 
tries. Serum creatinine and blood urea nitrogen were 
determined daily. Group IV dogs had significantly lower 
daily BUN levels (40-80 mg./100 ml.) than the dogs 
in all other groups (160-240 mg./100 ml.). However, 
serum creatinine levels increased at identical rates in all 
groups. These data demonstrate the effectiveness of in- 
travenously infused hypertonic dextrose and essential 
L-amino acids in reducing azotemia in irreversible renal 
failure. 


Conclusion 


Multiple metabolic derangements can arise duxing 
the management of nutritionally depleted patients with 
parenteral hyperalimentation. Some of these problems 
can not be anticipated, but most of them can be pre- 
vented or corrected by thoughtful formulation of nu- 
trient solutions and careful monitoring of pertinent lab- 
oratory indices. 
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Prolonged Parenteral Alimentation: Candida Growth anc 
the Prevention of Candidemia by Amphotericin Instillation 


MURRAY F. BRENNAN, M.D.,* MITCHELL H. GOLDMAN, M.E 


p IS THE purpose of this report to describe a method: 


for inhibiting Candida growth and clearance of estab- 
lished Candida in polythene lines and cannulae used for 
prolonged intravenous feeding. This report documents 
its effectiveness in vitro. and describes initial trials in sev- 
eral patients on prolonged intravenous feeding. The use 
of a high local drug concentration is the principle em- 
ployed, achieving a transient effect from a dose that is 
systematically inconsequential. 

Total parenteral nutrition is lifesaving in chronically 
debilitated patients who lack gastrointestinal absorption. 
Adverse side effects can result from careless or injudici- 
ous use of this form of therapy, precluding the proper 
recognition of its merit. Many surgeons have been con- 
cerned with the frequent occurrence of sepsis associated 
with total parenteral feeding in the presence of a cen- 
tral venous line or an arteriovenous shunt used to ad- 
minister these solutions.1:45:12,24,27.42 

Of particular concern, is the high incidence of septice- 
mia with various Candida species.5142248 We have 
previously shown that Candida albicans grow well in the 
available parenteral nutritive solutions, after a lag phase 
of 6 to 7 hours!" Growth is inhibited by normal 
serum.1^,19,39 

Contamination has been minimized in various ways, 
including preparation under laminar flow hoods, meticu- 
lous asepsis at the time of line placement, subcutaneous 
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tunnelling of the catheter, use of inline Millipore filter 
and preparation of the skin with antibiotic and antifung: 
ointments.$5,05 

These methods have been empiric and evidence i 
favor of their efficacy has been limited to those that ar 
accepted surgical technics.* In some cases, the extern: 
applications have had little or no effect in diminishin 
bacterial sepsis, *9; 5$ and in other instances they hav 
encouraged the local growth of fungi. 

As a consequence of reviewing our own incidence c 
Candidemia in patients on long-term parenteral feeding 
the present study was set up to determine if there wa 
some way of preventing these episodes, and/or erad: 
cating any Candida growth in the in-dwelling line, thu 
making it unnecessary to remove the line on the occ: 
sion of Candida septicemia. 


Materials and Methods 


The following in vitro laboratory study was set up t 
determine if the use of low non-toxic doses of amphc 
tericin B (Fungizone E. R. Squibb and Sons, New Yorl 
N. Y. 10022), could provide an effective method of ir 
hibiting Candida albicans growth in polyethylene T' 
catheters, and prevent the re-establishment of Candid 
in the line. This investigation was carried out in the fo! 
lowing manner: 

l. It was first established that the catheters whic 
contained an amino acid dextrose mixture would suppor 
growth of Candida and that this growth was evenly dis 
tributed. 

2. The dose/time relationships of concentrations o 
amphotericin B from 1.0 to 107 mg./ml., in amino acit 
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dextrose solution required for inhibition of Candida 
growth was then determined. 

3. The effect of a 1 mg./ml. concentration of ampho- 
tericin on an established 18-hour culture within the 
catheters was then examined. 

4. The effects of flushing the catheters, containing 
Candida in amino acid-dextrose mixture, first with a 
sterile solution of amino acid-dextrose alone and then 
after having been exposed to amphotericin (1 mg./ml.) 
for 5 minutes, were compared. 

5. Finally, the effect of reintroduction of Candida into 
the catheters (a) after the amino acid dextrose flush 
alone, and (b) after the amphotericin and the flush of 
amino acid dextrose, was examined. 

In all cases, Candida albicans (American Type Cul- 
türe Collection 10231) was used. An 18-hour culture was 
prepared, in trypticase soy broth (Baltimore Biological 
Laboratories, Cockeysville, Maryland, 21035) and dilu- 
tions performed in an amino acid dextrose mixture ( Ami- 
gen, Travenol Laboratories, Morton Grove, Illinois, 
60053). Altering the dextrose content (to 18-20%) did 
not alter the results. Eighteen gauge cut-down catheters 
were used (Deseret Pharmaceutical Company, Sandy, 
Utah). Incubation was horizontal on the stationary plat- 
form of a Gyrotory Shaker (New Brunswick Scientific 
Company, New Brunswick, New Jersey), Model G 25; 
at a temperature of 37 + 2°C. The catheters were heat 
sealed (Hermatron Sealer, Fenwal, Division of Travenol 
Laboratories) after the introduction of the Candida sus- 
pension. Using sterile scissors, a 1 inch (2.5 cm.) piece 
of catheter was removed and the contents plus catheter 
placed in a sterile petri dish. Four plates were made 
with liquid trypticase soy agar (45°C), incubated for 
24 hours, and counted. The number of colonies on the 
initial plate was the time zero count. 


Clinical Study 


A retrospective analysis of the infectious complications 
of those patients on parenteral nutrition was then car- 
ried out covering a period of 1970 and 1971 during 
which detailed information has been kept on the course 
of their intravenous feeding. 

Following our laboratory study, the procedure of the 
amphotericin flush was then initiated in a group of pa- 
tients on long-term parenteral nutrition. This procedure 














TABLE 1. Distribution and Growth of Candida in the Catheters 
End Middle End 

Time X sd n X sd n X sd n 

Zero 57 30 3 61 30 3 64 32 3 

24 hours TNTC TNTC TNTC 





TNTC = Too numerous to count X = Mean colony count per 
inch sd — standard deviation 
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TABLE 2. Effect of Flushing the Catheters with Amino Acids and 








Dextrose 
Time (hours) X sd n 
P-e-flush 63 25 12 
1 1 — 6 
4 1 1 6 
7 16 14 6 
24 11 13 12 





consisted of the introduction of 0.6 mg. of a 1 mg./ml. 
solution of amphotericin into the line, flushed through, 
and then a further introduction which was left for 5 
to 10 minutes and then reconnected to the nutrient mix- 
ture. This procedure was carried out by a physician 
every 3 days (minimum twice per week), at the time 
at which the V delivery tubing was changed, the entry 
site cleaned and prepared with alcohol and iodine 
( Betadine, Purdue Frederick Coy, Yonkers, N. Y. 10701). 
The amphotericin was prepared fresh on each occasion 
and the amount not used, discarded. 


Results of in Vitro Studies 


Candida growth was uniform throughout the catheters 
(Table 1). Flushing with the amino acid dextrose mix- 
ture alone resulted in the clearing of the Candida from 
the catheter by dilution or mechanical displacement, 
in some but rot all instances (Table 2). Upon reintro- 
ducing a Candida culture into the catheters after flush- 
ing with amino acid dextrose alone, rapid growth was 
again evident (Table 3). 

The growth response relationship of Candida albicans 
treated with amphotericin B, in vitro, is shown in Table 
4. The dose necessary to prevent growth immediately 
was 0.1 mg./ml. The minimum inhibitory dose was 0.001 
mg./ml, tota. eradication being demonstrated by 6 
hours. After 1 mg./ml. of amphotericin was instilled into 
catheters containing a growing culture of Candida albi- 
cans, for 5 minutes, no subsequent Candida could be 
identified ( Table 5). Moreover, introduction of an 18-hour 
culture of Candida into a catheter previously exposed to 
amphotericin also proved total inhibition by the end of 
a further 24 hours (Table 6). This effect was maintained 
following instillation of amphotericin, flushing with 


TABLE 3. Effect of Reintroduction of Candida after Flushing with. 
Amino Acid and Dextrose Amino 








Colony counts/inch 





Flush + 
Time No Flush Reintroduction 
0 256 273 
1 192 331 
4 408 390 
7 744 900 
24 TNTC TNTC 
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TABLE 4. Effect of Local Amphotericin in Amino Acid/Dextrose 
Solution. Amphotericin Concentration in Amino Acid/Dextrose 
Solution. Mean Colony Counts/inch 








1 0.1 0.01 0.001 0.0001 
Time Nil  mg./ml mg./ml.  mg;/ml  mg./ml. mzg./ml. 
0 hrs. 333 0 0 181 158 208 
10 min. 334 0 0 140 178 219 
3 hrs. 388 0 0 0 1 173 
6 hrs. 390 0 0 0 0 188 
24 hrs. TNTC 0 0 0 0 TNTC 


amino acid dextrose, and then reintroduction of Can- 
dida (Table 7). 

As a result of these data, a flush of 1 mg./ml. of am- 
photericin B was employed in the maintenance of all 
long-term lifelines subsequently inserted on the Surgical 
Service. 


Clinical Studies 


In the clinical review of 28 seriously ill patients on 
intravenous hyperalimentation for a mean duration of 
36 days, the cases of four patients with Candida septi- 
cemia were documeted by blood culture (Table 8). One 
patient had five separate episodes, each at least 10 days 
apart. A further patient had positive serology for Can- 
dida antibodies. 

The next 12 patients requiring long-term intravenous 
hyperalimentation were then treated with the ampho- 
tericin flush. All patients had blood cultures taken 
through the line as well as peripherally at the time of 
any fever. No evidence of Candidemia has yet been dem- 
onstrated in a patient on the flush regimen. 

The patient who had had five previous episodes of 
Candidemia, was maintained for a further 460 days on 
intravenous feeding using the flush routine twice per 
week, In this patient we have continued to be able to 
demonstrate Candida by culture from skin, vagina and 
fistula tracts, at varying times, but there has been no 
further Candidemia, and the line has not had to be 
withdrawn because of sepsis. In two other patients with 
Candida colonization of the skin and burn wounds, there 
has been no Candidemia identified, or suspected. 


TABLE 5, Effect of Instillation of Amphotericin (1 mg./ml.) Into the 











Catheter 
Time (hours) X s.d. n 
Pre-instillation 51 10 12 
0 1 1 10 
1/2 0 0 6 
1 0 0 6 
4 0 0 6 
7 0 0 6 
24 0 0 6 
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26; 
TABLE 6. Effect of Reinstillation of Candida after either Amin 
Acid/ Dexirose or Amphotericin Flush 





Colony Counts per Inch 

















Time Day t Day 2 Day 3 
. Amino Ampho- 

acid /dex. tericin Reinstillation 

Control Control flush flush of Candida 

A B A B A B 

0 158 152 5 269 238 174 

1 200 :180 2 900 305 218 

4 114 268 0 2 382 133 

7 739 1216 0 0 669 69 

24  TNTC  TNTC 0 0 TNTC 0 
TABLE 7. Effect of Flushing with Amino Acid Dextrose after Instilla 


tion of Amphotericin and Followed by Reintroduction of Candida 





Pdi 


Time 





5 min 
10 min 
30 min 

1 hour 

4 hours 

7 hours 
24 hours 


Nw 


CD Re RA c in NO OG 
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TABLE 8. Candidemia and Prolonged Intravenous Feeding 

Duration of Catheter Blood 

Route line (days) Culture Culture 
1. Subclavian 72 + + 
2. Subclavian 67 ? + 
3. Subclavian 15 + + 
Subclavian 44 + + 
Subclavian 9 + + 
A. V. Shunt 133 + + 
A. V. Shunt 10 + + 
4. Subclavian 3 — T 
44 + 16 6/8 8/8 

Discussion 


The fact that the introduction of the "amphotericir 
flush” has been successful in preventing Candidemiz 
suggests that the lumen of the catheter provides a con 
tinuous source of entry for Candida. If the catheter anc 
its contained nutrient is acting as the growth site fo 
hematogenously disseminated Candida, then the "am. 
photericin flush" provides an important adjunct, by pre 
venting the development of a continuous source for Can 
didemia. 

Amphotericin B is an amphotenic polyene antibiotic, 
the basic moiety of which is an amino desoxy hexose 
(mycosamine) derived from Streptomyces nodosus, 
which exerts its maximal antifungal action at pH 6.0 tc 
7.5. Molecular weight is thought to be 960. Candida albi- 
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cans is sensitive to this drug in varying concentrations, 
from 0.03 to 1 ugm./ml.39 

In the above in vitro study, 1 agm. to 100 »gm./ml. 
was inhibitory in an amino acids/dextrose mixture. The 
normal systemic dose in man is between 0.25 and 1 mg./ 
Kg. of body weight. With a dose of 0.65 mg./Kg., blood 
levels of 0.5 to 3.5 ugm./ml., can be expected declining to 
0.5 to 1.5 ugm./ml. after 20 hours; i. e. a dose still in excess 
of that required to inhibit Candida albicans?" As a con- 
sequence of the slow excretion, the normal systemic 
dose can be given on alternate days. 

The local dose that we employ is therefore approxi- 
mately one thousand times the inhibiting local dose, but 
approximately one one-hundredth of the normal systemic 
dose. In the in vitro studies, amphotericin B in small 
doses is able to eradicate Candida albicans growing in in- 
travenous catheters, and is able to prevent growth of re- 
introduced Candida. This is further supported by the 
clinical evidence that with a rigid amphotericin flush 
program, no episodes of systemic candidemia have been 
encountered in our patient on long-term total parenteral 
nutrition. Dose dependent side effects of amphotericin 
B, are unlikely at this low dose, and have not been de- 
tected in our experience. Acquired resistance of ampho- 
tericin by Candida has been suggested,*? but we have yet 
` to encounter this either clinically or in the laboratory. 

Systemic amphotericin therapy for established Can- 
didemia is accompanied by many toxic side effects. Up 
of 90% of systemic injections in therapeutic dosage are 
accompanied by fever, and 47 to 85% by chills. Nitrogen 
retention is present with prolonged administration and 
progressive rise in blood urea nitrogen has been shown 
with increasing dosage.11-18,30,81,44,53,55,60,62 

It was thought in most patients that the impairment 
of renal function would return to normal on cessation of 
therapy,$55 This is not necessarily so, although the ir- 
reversibility is dose dependent. Maximal blood urea 
nitrogen values during conventional amphotericin ther- 
apy for fungemia, with total mean doses of 590, 2316, 
8030 mg. were 24, 37, 51 mg./100 ml., returning to 16, 
141, 25 mg./100 ml. respectively, on cessation of ther- 


apy.76 


TABLE 9. Amphotericin B. Renal Toxicity 


Mean highest BUN during 





Cumulative Dose (mg.) 





therapy 
18 
25 592 
18 
36 2316 
18 
50 8030 


49 


Established Renal Failure 14,000-17,000 





BRENNAN, GOLDMAN, O'CONNELL, KUNDSIW AND MOORE 


Ann. Surg. * Sept. 1972 


TABL: 10. Amphotericin B. Cumulative Dose 








Amphotericin 
Flush Systemic Therapy 
1 week 2.5-4 mg. 210 mg. 
1month 10-16 mg. 770 mg. 
3 months 30-50 mg. 3000 mg. 
1 yea- 125-200 mg. — 





In two cases previously reported from this hospital,*? 
with established renal failure related to amphotericin B, 
the patients received totals of 14 Gm. and 21 Gm. intra- 
venously in addition to intrathecal therapy (Table 9). 

The amount of amphotericin administered by a year 
of the “amphotericin flush" would be 125 to 200 mg., 
compared to a standard three month systemic course of 
3 to 4 Gm. (Table 10). 

Complicaticns of long-term indwelling intravenous 
cannulae, have long been recognized.*-1%15.20,25,48,52 
Sepsis and thrombosis have always been the major prob- 
lems. Systemi2 Candidemia has previously been consid- 
ered a disease associated with leukemia,!*:47 or with the 
use of broad spectrum antibiotics or immunosuppressive 
drugs? although intravenous cannulae have been im- 
plicated ir tke cause,5*9857 and Candida identified in 
thrombi of ca-heterized veins at autopsy.?9 With the ad- 
vent of rerewzd interest in parenteral alimentation, with 
safe long-zerm cannulization,?! the possibility of the 
catheter being the source of infection has required re- 
examination. The finding of Candida in blood smears 
taken from camnula thrombi,?48 is perhaps the strongest 
evidence yet presented that the catheter is a source of 
recurrent infection. Further support is provided by the 
clinical observation that in patients with Candidemia, 
removal of the indwelling line has been necessary for 
successful therapy.91*?? In a similar manner, treatment 
of Candida eadocarditis has been difficult and results 
poor294.51 without the surgical removal of the af- 
fected valve.?735 

Decreased 5iological resistance as well as nutritional 
deficiencies aad biochemical abnormalities in patients 
on intravenous feeding may be influential in enhancing 
susceptibil:ty to Candidemia.?549 Inhibition of Candida 
growth by secum has been related to the presence of 
transferin, and decreased availability of iron; ° in the 
absence of cu-rently available intravenous iron prepara- 
tions these seriously ill patients do run the risk of be- 
coming iroa depleted. 

The suggestion that Candidemia may be related to 
hypocalceriia,"!9 is relevant in that patients who do 
not receive casein hydrolysates or additives of calcium 
and phosphate to fibrin hydrolysates run the risk of be- 
coming ca‘cium and phosphate depleted.** The role of 
physiological saline in the inhibition of Candida growth 
in serum :s not yet clear ?? Other nutritional factors 
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which may play a role in the susceptibility to Candide- 
mia are being investigated.!" Most of the Candida species 
have been seen in Candida endocarditis,9?1343654 and 
this wide spectrum is beginning to be observed in the 
cases associated with intravenous feeding. In our cases 
Candida albicans has been the causative organism, but 
there is little doubt that with more selective culture 
methods identification of the other members of the Can- 
dida group will soon follow.’ 

In obtaining a positive diagnosis, it must be empha- 
sized that the draw-back culture,^5? or culture of the 
tip of the removed line is essential. Detection of Candida 
antibodies is also a useful adjunct,*'5* and we are cur- 
rently screening all our patients on intravenous feeding 
for the presence of Candida antibodies, and changes in 
the titers of these antibodies. Continuous monitoring of 
those parameters indicative of amphotericin toxicity is 
essential. In our hands the “amphotericin flush" has 
proven a reliable way of decreasing the incidence of line 
related Candida sepsis, in patients on long-term paren- 
teral nutrition. 


Summary 


We report the effect of transient, high concentrations 
of amphotericin B in the inhibition of Candida albicans 
(ATCC10231) growing in amino acids and dextrose. 

Used clinically, this consists of the introduction and 
flushing through of 0.6 to 1 ml. of a 1 mg./ml. solution 
of amphotericin, followed by the instillation of the same 
quantity which is left for a minimum of 5 minutes before 
reconnecting to the nutrient mixture, This therapy has 
effectively prevented Candida growth in vivo and in vitro 
when performed twice a week by a physician at.the 
time the delivering tubing is changed and the skin is 
cleansed. 

Toxic side effects at such low cumulative dosage are 
unlikely but must be carefully searched for. 

A further more prolonged experience will be needed 
to establish the utility of this method as an important 
adjunct in intravenous alimentation. We would encour- 
age others to examine the usefulness of this procedure, 
in diminishing this hazardous complication of an other- 
wise great advance in surgical nutrition. 
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[Slide] This shows nutritional data on one of a series of patients 
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so handled at the University of Minnesota hospitals. This patient 
lost but a half-kilogram without oral intake over a 2-%-week crisis . 
with Crohn’s disease. Protein was provided by blood and plasma. 
This choice was made in the first place because of possible adverse 
effects of the large ammonia contents of available amino acid 
preparations at that time in a group-of patients with high incidence 
of hepatic disease, and also because urgent operation commonly 
demanded faster restoration of normal oncotic pressure than 
hydrolysates alone could provide. 

Infused dextrose was covered routinely with insulin added to 
the infusion bottle, as this method permits abrupt institution of 
high caloric intake appropriate to operation within 1 to 3 days. 
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The adsorption of insulin to the glass of the infusion bottle has 
been resolved by the addition of heparin to the infusion. 

We also noted—as reported in some of the papers that I indi- 
cated—that the insulin requirement drops in the first 4 or 5 days, 
and can thereafter be abandoned, i 

Our experience at Minneapolis and Brooklyn with the use of 
dextrose in higher concentrations than 20% was fraught with diffi- 
culties not only in electrolyte balance but also with rapid vacilla- 
tions between symptomatic hypoglycemia and acute osmotic 
diuretic dehydration. 

There was no recognized candidiasis in these patients, but in- 
travenous feeding was a component in successful management of 
candidiasis from other causes, Povidone iodine was used around 
the dressing, rather than antibiotic preparations. 

Placement of a highly flexible catheter in the mid-superior vena 
cava is, of course, essential, and we have thus successfully avoided 
thrombotic complications. The level of the tip of the catheter is 
also very important; one patient in whom the hypertonic solution 
was delivered adjacent to the tricuspid valve, developed a louc, 
musical murmur which was audible without a stethoscope and is 
still present 20 years later. 


Dr. Lrovyp D. MacLean (Montreal): I would like to discuss 
Dr, Brennan’s fine paper, and outline briefly a series of steps we 
took over a 2-year period to lower our Candida infection rate 
from one of the highest in the Western World to an acceptable 


- level. 


[Slide] This was our initial experience with 20 patients—a very 
high rate (33%). 

[Slide] We made these changes, corrected a leak in the Laminar 
flow hood, obtained a room that was used only for mixing, and ob- 
tained the services of a pharmacist who did all of the mixing and 
all of the additives, so that none of this was done in the wards. 

[Slide] The next slide shows a 7% infection rate in the next 

.4-month period, and we made the following changes, which in- 
cluded changing leaking administration sets, many of which are 
available on the market. We recapped the bottles mechanically, 
which Dr. Dudrick had advised, and abandoned the use of Milli- 
pore filters. They required manipulation in the wards and were 
consistently dangerous. Finally, we used the subclavian line only 
for the administration of the hyperalimentation solution, but never 
for measuring the CVP or drawing blood. 


..- [Slide] The infection rate dropped in the subsequent 9 months 


* 
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to 2% [slide]. The last slide shows a zero infection rate, up to the 

end of January of this year, in a fourth prospective group. 

For this reason, we are rather hesitant to adopt a method at this 
time which would necessitate manipulation in the wards. 

Dr. Henry T. RANDALL (Providence): I would like particularly 
to address my comments to Dr. Brennan's paper. 

Last November, the New England Journal paper by Curry and 
Quie from Minneapolis reported a very high incidence of fungemia 
in patients given high caloric parenteral nutrition. We immediately 
started to investigate this occurrence in our own institution, the 
Rhode Island Hospital, in Providence, Rhode Island. In a period 
from July of 1970 through November of 1971 we found that 14 
cases of Candida septicemia had occurred in patients in the institu- 
tion during that time. The criterion was growth in more than one 
flask following blood culture. Four of these patients had been on 
‘intravenous hyperalimentation at the time of positive blood 
culture, but, significantly, ten of these patients had not received 

` intravenous hyperalimentation. Most of these who had not been 
on high caloric parenteral nutrition had been on chemotherapy of 
one sort of another. : 

We had an absolute incidence of 3.2% Candida infection in 126 
patients, or 4.6% of 84 patients who had been on high caloric 
parenteral for 4.or more ‘days. Investigation into all the Candida 
infections showed a common denominator, the prolonged use of 
broad spectrum antibiotics. There was only one patient of the 14 
who bad not been given broad spectrum antibiotics for more than 
10 days prior to onset of fungemia. Thirteen of 14 had been on 
for more than 2 weeks. 
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We also cultured ten separate batches of our high caloric intra- 
venous solution for 72 days at 37 C., prepared by our pharmacy 
using a modification of Dr. Dudrick’s formula, There was no 
growth of any variety in any of the batches in any of the flasks. 

I want to compliment Dr. Brennan and his associates on their 
significant contribution to the prevention of Candida infections by 
one portal of entry by use of the amphotericin flush. I am sure that 
the manipulations required with subclavian catheters and the in- 
evitable occasional breaks in technic that occur, even in intensive 
care units, proves the catheter to be one portal of entry. I would 
also like to suggest that — use of broad spectrum anti- 
biotics may result in the spread of Candida infections to other 
parts of the body. These areas may often be the source of blood 
stream infection in those patients. We can minimize the iatrogenic 
cause of infection by limiting antibiotic use as well as flushing 
catheters to prevent them from being a portal of entry. We cer- 
tainly are going to try the amphotericin flush when I return to 
Providence this weekend. 


Da. James D. Harpy (Jackson, Miss.): I am very gratified to 
see an idea which has been under consideration for many years 
come to such practical fruition, I can recall that in 1948 Drs. 
Jonathan E. Rhoads and C. Martin Rhode were maintaining dogs 
by the continuous infusion of 50% glucose and protein hydrolysate 
into the superior vena cava (Rhode et al, Nitrogen Balances of 
Dogs Continuously Infused with 50% Glucose and Protein Prepara- 
tions, Am. J. Physiol, 159:415, 1941). Dr. Dennis and his group 
were also working in the field, 

Drs, Richard C. Miller and James B. Grogan of our department 
are responsible for the following work, which I'll mention briefly. 

Seventeen infants requiring intravenous nutrition were studied 
over periods ranging from 1 week to 1 year. All infusion tubings 
were divided by the insertion of one or two disposable bacterial 
filters between the nutrient bottle and the patient's venous circu- 
lation. While 66, or 31%, of the infusion systems were contami- 
nated at some point, only ten systems had sporadically positive 
cultures on the patient’s side of the bacterial filter, and none of 
these ten patients developed sepsis. Three treated patients devel- 
oped confirmed sepsis, one with E. coli and two with Candida. 
Only in the case of coliform sepsis was the organism also found in 
the filter system, and Candida, although found in two patient's 
blood, was not found in their fluid or filters. It was felt that this 
suggested that the ingress of these organisms might have been by a 
routs other than that of contaminated infusate. 


Dr. Davm V. Hasir (New York City): I would like to cite 
the experience of Dr. Mohamad Parsa at Harlem Hospital in our 
Department of Surgery, which is more in line with Dr. MacLean's. 

In the first 200 patients treated with intravenous hyperalimenta- 
tion over a rather prolonged period of time, there were five in- 
stances of Candida infection. In the recent 200 patients who were 
treated, wherein the infusion system was kept closed at all times 
and the use of topical antibiotic around the catheter was dis- 
continued, there have been no cases of Candida infection. 


Dn. Georce H. A. Crowes, Jr. (Boston): Along with everyone 
else in the surgical Held who has had to deal with the negative 
nitrogen balance of sick patients, we have been interested in Dr. 
Dudrick's contributicn, following the work of Dr. Rhoads. 

I would like to introduce the work of a colleague, Dr. George 
L. Blackburn, at the Boston City Hospital, who has suggested an 
interesting physiological approach to this problem. As you all 
know, negative nitrogen balance is particularly characteristic of 
septic patients, and these we have studied. It is also well known 
that these patients are resistant to insulin or at least they behave 
like diabetics, with a glucose tolerance curve that is similar to a 
diabetic despite normal insulin secretion. 

There exists the possibility that the negative nitrogen wastage 
of sepsis might be converted to the pattern of starvation in which 
a far larger proportion of energy is derived from endogenous lipid 
stores instead of amino acids from proteolysis. This feature of 
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energy metabolism has been emphasized by Drs. Kinney, Cahill 
and many others. 

Dr. Blackburn pointed out that when glucose is infused insulin 
secretion is increased. A fall in free fatty acids in the blood by 
the lipogenic effect of insulin is thus produced. In turn the reduc- 
tion of free fatty acids delivered to the liver causes a lesser pro- 
duction of ketoacids which serve as a substrate to peripheral 
tissues including the central nervous system. To avoid the eleva- 
tion of glucose and insulin Dr. Blackburn suggested the use of an 
isotonic amino acid. solution for infusion in peripheral veins, which 
as you can see, would have a tremendous advantage. Practice has 
shown that the infusion of amino acids does not increase insulin 
secretion and does not suppress the lipid in the blood. 

The net result has been that we have been able to reverse 
negative nitrogen balance in these sick patients by merely infusing 
amino acids. The caloric requirements are not met, but the pa- 
tient is converted to a lipid-using condition instead of an amino 
acid-using condition. This stops the excessive wastage of protein. 
This study is not finished by any means but it is promising and 
safe. I hope you will be hearing more about it as time goes on. 


Dr. S. J. Dupricx (Closing): I would like to close by discuss- 
ing our recent experience with sepsis, as Dr. Brennan so pre- 
cisely outlined and the other discussants so very expertly discussed. 
I was particularly pleased to hear of Dr. MacLean's ex- 
perience, because we have been in communication with this group 
and have appreciated their cooperation and collaboration during 
the past 2 years. 

(Slide) The first slide summarizes our experience with 160 
consecutive central venous catherers during the last 12 months. 
All of these long-term catheters were cultured upon removal, and 
18 grew organisms. Eight patients, or 5%, had sepsis and a posi- 
tive bacterial or fungal blood culture before the catheter was 
inserted, and the same organism was subsequently recovered from 
the catheter. 

Four patients, or 2.5%, had sepsis prior to catheterization, but 
when the catheter was cultured, a different organism was grown 
from it than from the blood. 

Six patients, or 3.75%, had no infection apparent prior to cathe- 
terization, but had positive catheter and blood cultures upon termi- 
nation of central venous feeding. 

The over-all contamination rate of our catheters, then, is 11.25%, 
with 3.75% not having had previous evidence of sepsis nor any 
other focal area of infection that we could identify as the primary 
focus, In these patients, the catheter or the technic must be in- 
criminated as the etiology. 

(Slide) The next slide tabulates the types and numbers of 
organisms grown. There were 20 organisms cultured from the 18 
positive catheters: five were Staphylococcus aureus, coagulase 
negative, four were yeast or Candida, three were Enterobacter, 
two were Klebsiella, and the rest were a variety of organisms cul- 
tured singly. 

(Slide) The next slide corroborates Dr. MacLean's demon- 
stration very beautifully. In the first 51 days of mixing 1078 con- 
secutive bottles of hyperalimentation solution under a laminar flow 
hood, a trained pharmacy technician had a 3£ contamination rate 
when every one of the bottles were cultured immediately after 
final formulation. 

Then the laminar air flow filters were changed, and for the 
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next 3 days, the contamination rate rose to 11%, indicating the 
importance of the environment if additives are made through the 
air. This coulc be avoided by a closed system of additives. 

During the last 39 days of the study, the contamination rate 
dropped to 12, corroborating again what all of the discussors 
pointed out: there is more than one portal of entry into the vascu- 
lar system by which we can contaminate the blood stream with 
Candida or ather organisms, and if vigilance is maintained in 
attacking all three of the major contamination routes by all of the 
technics that the discussors mentioned, the risks of this technic 
will be significantly reduced. 

I would like to mention, as we all have gleaned from the his- 
tory of parenteral nutrition, that there are really no new ideas— 
just new data—and that the success of intravenous hyperalimen- 
tation does not really belong to any one team or to any one per- 
son, although everybody has been extremely kind in giving us 
much of the credit. This is a combined effort of years of intensive 
interest and study by many people here and elsewhere, and it is 
only through continued work by properly motivated people that 
we can perfect the technic, I think that the initial clinical appli- 
cation of intravenous hyperalimentation has been a satisfying suc- 
cess, but certainly has room for improvement in order to make it 
1005 effective and safe. 


Dr. Murray F. Brennan (Closing): I would very much like 
to thank the discussants for their comments. I would like to briefly 
try to answer some, if I may. 

We too have been interested in Dr. Dennis work, and have 
also found that it is necessary, to prevent insulin binding; we use 
albumin, rather than heparin, as they do. 

To Dr. MacLean: We do use the laminar flow hood, with a 
trained pharmacist whose job is solely to prepare these mixtures. 
We, in turn, do not use the Millipore filter, and we, of course, try 
and insist that the subclavian line never be used for anything 
other than the infusion of the hyperalimentation mixture. 

To Dr. Randall: In case I made any mistaken inferences, we 
certainly do not think that the source of the Candida to be growth 
in the bottle. We have never been able to obtain a positive cul- 
ture from that source. We are just saying that if Candida is in- 
troduced into these mixtures, whether it be within the intra- 
venous line ar in the bottle at any other time, then, it would grow 
very well. 

We did try to see if Candida would grow in the intravenous tub- 
ing—that is, connecting an intravenous line to the solution contain- 
ing the mixture—it is very mechanically flushed out by the volume 
delivered, alcne in the in vitro situation. 

We would reinforce our belief that the central line is a more 
than adequate portal of entry, but it may be, in fact, that it is 
more than that, and that Candida which actually gain entrance 
to the blood stream, not killed by the normal serum inhibition, may 
be able to ladge either in the fibrin or platelet clot or in the mix- 
ture within the catheter. 

In answer to Dr. Hardy; to gain a positive culture from any 
of these catheters it is necessary to withdraw from the actual 
catheter and thus identify that, as a source of Candida. 

Dr. Habif, we appreciated your comment, and we have found 
in isolated instances that we can identify Candida growing at the 
junction of the intravenous line with the intravenous tubing. 

To Dr. Clowes: We thank him for his comments. We are 
aware of Dr Blackburn’s work, and have discussed it with him. 
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for each 5 mg (1 ml). 

In acute conditions, injection 
may be repeated within 1 hour, al- 
though interval of 3 to 4 hours is 
usually satisfactory; not more than 
30 mg should be given within 8-hour 
period. Once acute symptomatology 
has been properly controlled with 
injectable form, patient may be 
placed on oral form if further treat- 
ment is required. 

Supplied: Valium? (diazepam) 
Ampuls, 2 ml, boxes of 10; Vials, 10 
ml, boxes of 1; Tel-E-Ject'" (dispos- 
able syringes), 2 ml, boxes of 10. Each 
ml contains 5 mg diazepam, com- 
pounded with 4096 propylene glycol, 
1096 ethyl alcohol, 596 sodium benzo- 
ate and benzoic acid as buffers, and 
1.596 benzyl alcohol as preservative. 


Roche Laboratories 
Division of Hoffmann-La Roche Inc. 
Nutley, N.J. 07110 


Dr. Philip Thorek shows you, step-by-step, 
the operative procedures he has found most 
effective in a broad range of surgical problems 


ATLAS OF SURGICAL TECHNIQUES 


By Philip Thorek, M.D., F.A.C.S., F.I.C.S. 
Illustrated by Carl T. Linden 





From tracheostomy to subtotal gas- 
trectomy, each procedure presented in 
this atlas has proven its advantages 
over and over again in the operating 
room. In collaboration with the bril- 
liant medical artist Carl T. Linden, 
Dr. Thorek covers the surgical prob- 
lems most frequently encountered in 
daily practice. Youll find pages de- 
voted to procedures such as hernior- 
rhaphy, splenectomy, thoracostomy, 
hemorrhoidectomy, etc. Each opera- 
tive procedure is clearly presented, 
step-by-step, on a right hand page, 
with explanatory text on the facing 
page. 

Where competitive techniques for 
given conditions exist, Dr. Thorek 
states his preferences with character- 
istic clarity and candor. Every choice 
is critically discussed and firmly sup- 


ported in the detailed presentations. 


All the illustrations are original, the 
text type is large and legible, and the 
beautiful illustrations are labelled with 
maximum clarity. The authors repu- 
tation as a medical communicator is 
once again demonstrated in this, his 
latest work. 


As a reviewer said of a previous book 
on which Dr. Thorek and Car T. 
Linden collaborated: “The author has 
a quite exceptional power of compress- 
ing all the essentials of description in 
the briefest possible space; the artist 
has an equal power of expressing the 
descriptions in visual form. It is a 
very rare and happy combination." 


Every surgeon, from resident to chief 
of service, will want to include this 
new atlas in his armamentarium. 


196 pages « 1970 e $22.00 
80 full pages of illustrations containing 655 figures 


J. B. LIPPINCOTT COMPANY 
East Washington Square 
Philedelphia, Pa. 19105 


Please send me: 





Lippincott 


O ATLAS OF SURGICAL TECHNIQUES.... sos... $22.00 
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Volume 1—GENERAL PRINCIPLES 
(Introductory, Trauma and Breast) 


Charles Rob, M.C., M.D., M.Chir., F.R.C.S. 
Rodney Smith, M.S., F.R.C.S. 


304 Pages Illustrated 1968 $25.00 


Volume 2—THORAX, INCLUDING 
CARDIAC SURGERY 


W. P. Cleland, M.B., B.S., F.R.C.S. 
426 Pages Illustrated 1968 $31.00 


Volume 3—VASCULAR SURGERY 


Charles Rob, M.C., M.D., M.Chir., F.R.C.S. 
Rodney Smith, M.S., F.R.C.S. 


276 Pages Illustrated 1968 $22.00 


Volumes 4 & 5—ABDOMEN, RECTUM, ANUS 
(2 volumes) 


Charles Rob, M.C., M.D., M:Għif., F.R.C.S. 
Rodney Smith, M. Š., F.R.C.S 

Sir Clifford Naunton Morgan, M.S., F.R.C.S., 
F.R.C.O.G. 


838 Pages Illustrated 1969 $69.00 
Volume 6—HEAD AND NECK 

Maurice R. Ewing, F.R.C.S. 

254 Pages Illustrated 1969 $18.00 


Volume 7—PLASTIC SURGERY 
Richard Battle, M.B.E., M.Chir., F.R.C.S. 
231 Pages Illustrated 1969 $20.00 


Volumes 8 & 9—ORTHOPAEDICS 
Ronald Furlong, F.R.C.S. 
587 Pages Illustrated 1970 (U.S.) $45.00 
Volume 10—EYES, EAR, NOSE AND THROAT 


Sir Stewart Duke-Elder, K.C.V.O., Ph.D., LL.D., 
M.D., F.R.C.S., F.R.C.P., F.R.S. 
Maxwell Ellis, M.D., M.S., F.R.C.S. 


350 Pages Illustrated 1969 $26.00 


Volume 11—THE HAND 
R. Guy Pulvertaft, M.A., M.B., B.Ch., F.R.C.S. 
262 Pages Illustrated 1970 $26.00 


Volume 12—GENITO-URINARY SYSTEM 


J. D. Fergusson, M.A., M.D., F.R.C.S. 
J. P. Williams, M.Chir., F.R.C.S. 


400 Pages Illustrated 1971 $31.00 


Volume 13—GYNAECOLOGY 
AND OBSTETRICS 


D. W. T. Roberts, M.A., M.Chir., F.R.C.S., 
M.R.C.O.G. 


210 Pages Illustrated 1971 $18.00 


Volume 14—NEUROSURGERY 
Valentine Logue, F.R.C.S. 
320 Pages Illustrated 1971 $20.00 


Second Edition Now Complete! 


OPERATIVE SURGERY 


Under the General Editorship of Charles Rob, M.C., 
M.D., M.Chir., F.R.C.S., ana Rodney Smith, M.S., 
ER:C:S, 


With the appearance of Volume 14, the tremen- 
dous task of revising this valuable set is now ac- 
complished. Welcomed in its first edition as an 
unsurpassed pictorial presentation of surgical tech- 
nics, OPERATIVE SURGERY has been updated for 
this new Second Edition by a distinguished team of 
surgeons and teachers. It abounds in new material 
—new chapters have been added; new develop- 
ments are described; new operations are included. 
All technics, operations and instruments were care- 
fully reviewed and brought into line with current 
Practice. 


The number of volumes in the set has almost 
doubled. 


Each volume depicts procedures step-by-step, with 
vivid illustrations plus brief text. The reader follows 
each operation as though he were in the operating 
room observing an outstanding surgeon. The basic 
format includes: Pre-Operative Notes: The Opera- 
tion (from incision to closure including drainage, 
alternative procedures, dangers); Special Post- 
Operative Care and Complications. 


J. B. LIPPINCOTT COMPANY 


East Washington Square, Phila., Pa. 19105 


Please send me volumes circled below: 
1 2 3 4&5 6 7 8&9 


10 11 12 13 14 


O Payment Enclosed 


L] Charge and Bill me AS 9/72 
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CAN YOU GUESS THE AMOUNT 
OF GASTRIC. DISTRESS 
IN THIS I2- MONTH COURSE 





Very little is the correct answer...even though the number of 
tablets is 4,380. That's because these tablets are 
Ascriptin—the Maalox“protected aspirin. 

Ascriptin provides 5 grains of aspirin. Yet...thanks to 
Maalox (magnesium-aluminum hydroxide), the most 


widely preferred of all antacids—it guards 
against aspirin-induced gastric distress as well. 
No wonder more and more physicians today rely SC 


on Ascriptin for long-term salicylate therapy. 
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WILLIAM H. RORER, INC. HR 
Fort Washington, Pa. 19034 
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Ketalar 


(Ketamine HCl) 


Progress, 


Report 


One year of nationwide 
clinical use; one decade of 
research and development 
at Parke-Davis. A continu- 
ing program that has 

made KETALAR anesthesia 
a reality. 


In high-risk surgery, 
an added measure 
of safety 


KETALAR lessens surgical risk 
for many emergency and 
“poor-risk” patients. It often 
elevates blood pressure. It 
usually affects respiration 
minimally and leaves pro- 
tective laryngeal-pharyngeal | í 
reflexes intact. Airway pa- 
tency can usually be main- 
tained without intubation. 














In routine induction, 
a smooth, 
uncomplicated start 


KETALAR provides efficient 
induction for practically any 
anesthetic regimen and is ad- 
ministered I.M. or IV. which 
greatly simplifies the proce- 
dure for children and adults 


ie |alike. KETALAR is also clini- 
[4 |cally compatible with com- 


monly used general anes- 
thetics, pre- and postanes- 


L thetic medications, includ- 


ing anticholinergics, muscle 
relaxants, and tranquilizers. 


In short procedures, absence of tachyphylaxis 


more problems 
solved, fewer 
created 


KETALAR, as sole agent, 
simplifies and improves an- 
esthesia in a host of "prob- 
lem procedures." It has 
proven to be especially valu- 
able in the management of 
severe burn patients, and its 
rapid and profound anal- 
gesic effect provides a major 
advantage in numerous 
painful diagnostic tests and 
short surgical procedures 
not requiring skeletal mus- 
cle relaxation. The virtual 





and organ/tissue accumula- 
tion is a definite plus in re- 
petitive procedures. Grow- 
ing experience with 
KETALAR shows that emer- 
gence reactions can be ef- 
fectively reduced by allow- 
ing patients to awaken 
naturally with minimal ver- 
bal or tactile stimulation, 
and, where indicated, by 
employing agents such as 
droperidol or diazepam. 


In pediatrics, a new 


era in anesthesia 








KETALAR anesthesia repre- 
sents a milestone in the 
management of infants and 
children. It offers — for the 
first time — efficient general 
anesthesia by intramuscular 
injection. In terms of both 


| efficacy and convenience, 


the clinical experience with 


|} KETALAR may qualify it in 
!! many instances as the agent 


of choice for pediatric 


| anesthesia. 


Mm | KETALAR UPDATE: 
iM | Now indicated for use in 


If | cardiac catheterization. 
|| Now available in new 


100 mg./ml., 5 ml. vials 


| for IM use. 
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See next page for prescribing information. 


Ketalar: 
(Ketamine HCl) 
Parke-Davis 







| advancement in 
anesthesiology 
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advancement in XQ Keta : 
anesthesiology rel Ketalar 


KETALAR (Ketamine Hydrochloride) 


SPECIAL NOTE: EMERGENCE REACTIONS HAVE OC- 
CURRED IN APPROXIMATELY 12 PER CENT OF PA- 
TIENTS. 

THE PSYCHOLOGICAL MANIFESTATIONS VARY IN SE- 
VERITY BETWEEN PLEASANT DREAM-LIKE STATES, 
VIVID IMAGERY, HALLUCINATIONS AND EMERGENCE 
DELIRIUM. IN SOME CASES THESE STATES HAVE BEEN 
ACCOMPANIED BY CONFUSION, EXCITEMENT, AND 
IRRATIONAL BEHAVIOR WHICH A FEW PATIENTS RE- 
CALL AS AN UNPLEASANT EXPERIENCE. THE DURA- 
TION ORDINARILY LASTS NO MORE THAN A FEW 
HOURS; IN A FEW CASES, HOWEVER, RECURRENCES 
HAVE TAKEN PLACE UP TO 24 HOURS POSTOPERA- 
TIVELY. NO RESIDUAL PSYCHOLOGICAL EFFECTS ARE 
KNOWN TO HAVE RESULTED FROM USE OF KETALAR. 
THE INCIDENCE OF THESE EMERGENCE PHENOMENA 
IS LEAST IN THE YOUNG (15 YEARS OF AGE OR LESS) 
AND ELDERLY (OVER 65 YEARS OF AGE) PATIENT. 
ALSO, THEY ARE LESS FREQUENT WHEN THE DRUG IS 
GIVEN INTRAMUSCULARLY. 

THESE REACTIONS MAY BE REDUCED IF VERBAL, TAC- 
TILE, AND VISUAL STIMULATION OF THE PATIENT IS 
MINIMIZED DURING THE RECOVERY PERIOD. THIS 
DOES NOT PRECLUDE THE MONITORING OF VITAL 
SIGNS. IN ADDITION, THE USE OF A SMALL HYP- 
NOTIC-DOSE OF A SHORT-ACTING OR ULTRASHORT- 
ACTING BARBITURATE OR OTHER AGENT SUCH AS 
DIAZEPAM MAY BE REQUIRED TO TERMINATE A 
SEVERE EMERGENCE REACTION. CERTAIN DRUGS 
SUCH AS DROPERIDOL OR DIAZEPAM INTRAMUS- 
CULARLY HAVE ALSO BEEN USED IN AN ATTEMPT 
TO REDUCE THE INCIDENCE OF EMERGENCE REAC- 
TIONS: SUFFICIENT DATA HAVE NOT YET BEEN 
ACCUMULATED TO CONSTITUTE THOROUGH DOC- 
UMENTATION. THE INCIDENCE OF EMERGENCE RE- 
ACTIONS IS REDUCED AS EXPERIENCE WITH THE 
DRUG IS GAINED. 

WHEN KETALAR IS USED ON AN OUTPATIENT BASIS, 
THE PATIENT SHOULD NOT BE RELEASED UNTIL RE- 
COVERY FROM ANESTHESIA IS COMPLETE AND THEN 
SHOULD BE ACCOMPANIED BY A RESPONSIBLE 
ADULT. 


INDICATIONS: Ketalar is recommended: 1. as the sole 
anesthetic agent for diagnostic and surgical procedures 
that do not require skeletal muscle relaxation. Ketalar 
is best suited for short procedures but it can be used, 
with additional doses, for longer procedures. 2. for the 
induction of anesthesia prior to the administration of 
other general anesthetic agents. 3. to supplement low- 
potency agents, such as nitrous oxide. 


See package insert for full prescribing information. 


CONTRAINDICATIONS: Ketalar is contraindicated in 
persons in whom a significant elevation of blood pres- 
sure would constitute a serious hazard and those who 
have shown hypersensitivity to the drug. 

WARNINGS: Ketalar should be used by or under the 
direction of physicians experienced in administering 
general anesthetics and in maintenance of an airway 
and in the control of respiration. Cardiac function 
should be continually monitored during the procedure 
in patients found to have hypertension or cardiac de- 
compensation. Barbiturates and Ketalar should not be 
injected from the same syringe. Prolonged recovery 
time may occur if barbiturates and/or narcotics are 
used concurrently with Ketalar. Postoperative confu- 


Parke-Davis 


sional states may occur during the recovery period. 
Respiratory depression may occur with over-dosage or 
too rapid a rate of administration of Ketalar in which 
case supportive ventilation should be employed. Me- 
chanical support of respiration is preferred to adminis- 
tration of analeptics. 


USAGE IN PREGNANCY: Since the safe use in preg- 
nancy, including obstetrics, has not been established, 
such use is not recommended. 


PRECAUTIONS: Because pharyngeal and laryngeal re- 
flexes are usuallv active, Ketalar should not be used 
alone in surgery or diagnostic procedures of the 
pharynx, larynx, or bronchial tree. Mechanical stimula- 
tion of the pharynx should be avoided, whenever pos- 
sible, if Ketalar is used alone. Muscle relaxants, with 
proper attention to respiration, may be required in both 
of these instances. Resuscitative equipment should be 
ready for use. The incidence of emergence reactions 
may be reduced if verbal and tactile stimulation of the 
patient is minimized during the recovery period. This 
does not preclude the monitoring of vital signs (see 
Special Note). The intravenous dose should be admin- 
istered over a period of 60 seconds. More rapid admin- 
istration may result in respiratory depression or apnea 
and enhanced pressor response. In surgical procedures 
involving visceral pain pathways, Ketalar should be sup- 
plemented with an agent which obtunds visceral pain. 
Use with caution in the chronic alcoholic and the 
acutely alcohol-intoxicated patient. An increase in cere- 
brospinal fluid pressure has been reported following 
administration of ketamine hydrochloride. Use with ex- 
treme caution in patients with preanesthetic elevated 
cerebrospinal fluid pressure. 


ADVERSE REACTIONS: Cardiovascular: Blood pressure 
and pulse rate are frequently elevated following admin- 
istration of Ketalar. However, hypotension and brady- 
cardia have been observed. Arrhythmia has also 
occurred. 


Respiration: Although respiration is frequently stimu- 
lated, severe depression of respiration or apnea may 
occur following rapid intravenous administration. of 
high doses cf Ketalar. Laryngospasms and other forms 
of airway obstruction have occurred during Ketalar an- 
esthesia. 

Eye: Diplopia and nystagmus have been noted follow- 
ing Ketalar administration. It also may cause a slight 
elevation in intraocular pressure measurement. 
Psychologica!: (See Special Note). 

Neurological: In some patients, enhanced skeletal mus- 
cle tone may be manifested by tonic and clonic move- 
ments sometimes resembling seizures. 


Gastrointestinal: Anorexia, nausea or vomiting have 
been observed; however this is not usually severe and 
allows the great majority of patients to take liquids by 
mouth shortly after regaining consciousness. 


General: Local pain and exanthema at the injection site 
have infrequently been reported. Transient erythema 
and/or morbilliform rash have also been reported. 


HOW SUPPLIED: Ketalar solutions containing the hy- 
drochloride in concentrations equivalent to ketamine 
base are available in 5, 10, 20, and 50 ml. vials. These 
vials contain 100, 50, 10, and 10 mg./ml., respectively. 
Each vial is supplied individually and in cartons of 10. 
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our best way to give surgeons 
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the packs and gowns they want 


Listening with understanding. It es- 
tablishes guidelines for putting the 
full design capability of Kimberly- 
Clark to work on accurate problem 
solving. Proof of our listening well 
can be found in Kimlon® surgical 
packs and gowns. 

Kimlon surgical packs offer a 
number of surgeon-oriented fea- 
tures: positioning tapes that permit 
quick, precise placement of the 
fenestration, keep it in position, 
prevent flow of fluids under the 
drape; a textured foam area sur- 
rounds the fenestration to guard 
against fluid run-off, instrument 
slippage, reflective glare. The non- 
woven fabric in Kimlon packs 


o Kimlon 





KIMBERLY- CLARK CORPORATION 


Health Care Products Division—Dept. A.S. 


Neenah, Wisconsin 54956 
Phone (414) 729-1212 


Kimlon is a registered trademark of the Kimberly-Clark Corporation 


drapes softly and smoothly. 

Kimlon surgical gowns, too, are 
made to meet surgeons' specifica- 
tions. Exclusive beltless design 
provides cooler wear, greater free- 
dom of movement and an end to 
annoying '"blousing" above the 
waist. Kimlon gowns' adjustable 
closures assure comfortable fit and 
greater covered back protection. 
An invitation to OR supervisors. 
Listening makes it possible to give 
you superior products. An in-hospi- 
tal demonstration will convince you 
Kimlon gowns and surgical packs 
set new levels of OR efficiency, 
convenience and comfort. Ask us 
to send a representative. 


KL-185 


As medical experience 
defines more and more 
patients who should be spared 
the severe depressant effects of 
narcotic analgesics... 





I he Pain 
Population 


Injectable 


in need of Talwin 


ni 


iS pentazocine 
growing 


When circumstances call Talwin? provides analgesic 
for a potent analgesic, efficacy comparable to that 
vulnerability to the of morphine and meperidine, 
depressant effects but with fewer significant 


(circulatory, respiratory, adverse effects: 
urinary) of narcotics may 


beincreased: Compared to morphine, Talwin 


causes less severe respiratory 


in patients with depression, hypotension, urinary 


A ention, constipation. 
e chronic illness ret d pa 


e advanced age Talwin is less likely to cause 

e chronic obstructive nausea, vomiting, diaphoresis 
lung disease than meperidine. 

e pleural effusion 

e cirrhosis 

e myocardial 
infarction Not subject to narcotic controls. 

e prostatic 


Tolerance to analgesic effect has 
not been reported. 


h reals See next page for a discussion of 
yperuopay warnings, precautions, adverse 


in patients who have had reactions and other Prescribing 
* general anesthesia MUUNA NON 
e considerable Injectable 
blood loss 
e muscle relaxants 
for surgery 
Brand of 


„and in many other pentazocine 
patients Bo etats 
when depression of in moderate 


respiration, circulation, to severe pain 


or urinary retention 
should be minimized. 





Talwin® 
Brand of pentazocine (as lactate) 
Analgesic for Parenteral Use 


Available in 
30mg.,45mg., and 60 mg. 


strengths: 


little, if any, increase in incidence 
or severity of adverse reactions 
reported with increased doses of 
45 mg. or 60 mg. 


Indications: For the relief of moderate 
to severe pain. Talwin may also be used 
for preoperative or preanesthetic medi- 
cation and as a supplement to surgical 
anesthesia. 


Contraindications: Talwin should not be 
administered to patients who are hyper- 
sensitive to it. 


Warnings: Head Injury and Increased 
Intracranial Pressure. The respiratory 
depressant effects of Talwin and its po- 
tential for elevating cerebrospinal fluid 
pressure may be markedly exaggerated 
in the presence of head injury, other 
intracranial lesions, or a preexisting in- 
crease in intracranial pressure. Further- 
more, Talwin can produce effects which 
may obscure the clinical course of pa- 
tients with head injuries. In such pa- 
tients, Talwin must be used with extreme 
caution and only if its use is deemed 
essential. 


Usage in Pregnancy. Safe use of Talwin 
during pregnancy (other than labor) has 
not been established. Animal reproduc- 
tion studies have not demonstrated tera- 
togenic or embryotoxic effects. However, 
Talwin should be administered to preg- 
nant patients (other than labor) only 
when, in the judgment of the physician, 
the potential benefits outweigh the pos- 
sible hazards. Patients receiving Talwin 
during labor have experienced no ad- 
verse effects other than those that oc- 
cur with commonly used analgesics. 
Talwin should be used with caution in 
women delivering premature infants. 


Drug Dependence. Special care should 
be exercised in prescribing pentazocine 
for emotionally unstable patients and 
for those with a history of drug misuse. 
Such patients should be closely super- 
vised when long-term therapy is con- 
templated. There have been instances 
of psychological and physical depend- 
ence on Talwin in patients with such a 
history and, rarely, in patients without 
such a history. Abrupt discontinuance 
following the extended use of parenteral 
Talwin has resulted in symptoms such 
as abdominal cramps, elevated tempera- 
ture, rhinorrhea, restlessness, anxiety, 
and lacrimation. Even when these oc- 
curred, discontinuance has been ac- 
complished with minimal difficulty. In 
the rare patient in whom more than 
minor difficulty has been encountered, 
reinstitution of parenteral Talwin with 
gradual withdrawal has ameliorated the 
patient's symptoms. Substituting metha- 
done or other narcotics for Talwin in 
the treatment of the Talwin abstinence 
syndrome should be avoided. 


In prescribing parenteral Talwin for 
chronic use, particularly if the drug is 
to be self-administered, the physician 
should take precautions to avoid in- 
creases in dose and frequency of injec- 
tion by the patient and to prevent the 
use of the drug in anticipation of pain 
rather than for the relief of pain. 


Just as with all medication, the oral 
form of Talwin is preferable for chronic 
administration. 

Acute CNS Manifestations. Patients re- 
ceiving therapeutic doses of Talwin 
have experienced, in rare instances, 
hallucinations (usually visual), disorien- 
tation, and confusion which have cleared 
spontaneously within a period of hours. 
The mechanism of this reaction is not 
known. Such patients should be very 
closely observed and vital signs 
checked. If the drug is reinstituted it 





should be done with caution since the 
acute CNS manifestations may recur. 


Usage in Children. Because clinical ex- 
perience in children under twelve years 
of age is limited, the use of Talwin in 
this age group is not recommended. 


Ambulatory Patients. Since sedation, 
dizziness, and occasional euphoria have 
been noted, ambulatory patients should 
be warned not to operate machinery, 
drive cars, or unnecessarily expose 
themselves to hazards. 


Precautions: Certain Respiratory Condi- 
tions. The possibility that Talwin may 
cause respiratory depression should be 
considered in treatment of patients with 
bronchial asthma. Talwin should be ad- 
ministered only with caution and in low 
dosage to patients with respiratory de- 
pression (e.g., from other medication, 
uremia, or severe infection), obstructive 
respiratory conditions, or cyanosis. 
Impaired Renal or Hepatic Function. Al- 
though laboratory tests have not indi- 
cated that Talwin causes or increases 
renal or hepatic impairment, the drug 
should be administered with caution to 
patients with such impairment. Exten- 
sive liver disease appears to predispose 
to greater side effects (e.g., marked 
apprehension, anxiety, dizziness, sleepi- 
ness) from the usual clinical dose, and 
may be the result of decreased metabo- 
lism of the drug by the liver. 


Myocardial Infarction. As with all drugs, 
Talwin should be used with caution in 
patients with myocardial infarction who 
have nausea or vomiting. 

Biliary Surgery. Until further experience 
is gained with the effects of Talwin on the 
sphincter of Oddi, the drug should be 
used with caution in patients about to 
undergo surgery of the biliary tract. 
Patients Receiving Narcotics. Talwin is 
a mild narcotic antagonist. Some pa- 
tients previously receiving narcotics 
have experienced mild withdrawal symp- 
toms after receiving Talwin. 


CNS Effect. Caution should be used 
when Talwin is administered to patients 
prone to seizures; seizures have oc- 
curred in a few such patients in associa- 
tion with the use of Talwin although no 
cause and effect relationship has been 
established. 


Adverse Reactions: The most commonly 
occurring reactions are: nausea, dizzi- 
ness or lightheadedness, vomiting, eu- 
phoria. 


Infrequently occurring reactions are— 
respiratory: respiratory depression, dysp- 
nea, transient apnea in a small number 
of newborn infants whose mothers re- 
ceived Talwin during labor; cardiovascu- 
lar: circulatory depression, shock, hyper- 
tension; CNS effects: sedation, alteration 
of mood (nervousness, apprehension, 
depression, floating feeling), dreams; 
gastrointestinal: constipation, dry mouth; 
dermatologic including local: diaphore- 
sis, sting on injection, flushed skin in- 
cluding plethora, dermatitis including 
pruritus; other: urinary retention, head- 
ache, paresthesia, alterations in rate 
or strength of uterine contractions dur- 
ing labor. 

Rarely reported reactions  include— 
neuromuscular and psychiatric: muscle 
tremor, insomnia, disorientation, hallu- 
cinations; gastrointestinal: taste altera- 
tion, diarrhea and cramps; ophthalmic: 
blurred vision, nystagmus, diplopia, mio- 


bulwark | 


against pain 


of moderate to severe intensity 


Injectable Talwin 


Brand of 


pentazocine (as lactate) 


sis; other: tachycardia, soft tissue in- 
duration, nodules, cutaneous depression, 
and ulceration (sloughing) at the injec- 
tion site, weakness or faintness, chills, 
moderate transient eosinophilia, allergic 
reactions including edema of the face. 


See Acute CNS Manifestations and Drug 
Dependence under WARNINGS. 


Dosage and Administration: Adults, Ex- 
cluding Patients in Labor. The recom- 
mended single parenteral dose is 30 mg. 
by intramuscular, subcutaneous, or in- 
travenous route. This may be repeated 
every 3 to 4 hours. Doses in excess of 
30 mg. intravenously or 60 mg. intra- 
muscularly or subcutaneously are not 
recommended. Total daily dosage should 
not exceed 360 mg. As with most paren- 
teral drugs, when frequent daily in- 
jections are needed over a prolonged 
period, intramuscular administration is 
preferable to subcutaneous. In addition, 
constant rotation of injection sites (e.g., 
the upper outer quadrants of the but- 
tocks, mid-lateral aspects of the thighs, 
and the deltoid areas) is recommended. 
Patients in Labor. A single, intramuscu- 
lar 30 mg. dose has been most com- 
monly administered. An intravenous 20 
mg. dose has given adequate pain relief 
to some patients in labor when con- 
tractions become regular, and this dose 
may be given two or three times at two- 
to three-hour intervals, as needed. 


Children Under 12 Years of Age. Since 
Clinical experience in children under 
twelve years of age is limited, the use 
of Talwin in this age group is not rec- 
ommended. 

CAUTION. Talwin should not be mixed 
in the same syringe with soluble bar- 
biturates because precipitation will 
occur. 

Overdosage: Manifestations. Clinical ex- 
perience with Talwin overdosage has 
been insufficient to define the signs of 
this condition. 

Treatment. Oxygen, intravenous fluids, 
vasopressors, and other supportive meas- 
ures should be employed as indicated. 
Assisted or controlled ventilation should 
also be considered, Although nalorphine 
and levallorphan are not effective anti- 
dotes for respiratory depression due to 
overdosage or unusual sensitivity to 
Talwin, parenteral naloxone (Narcan®, 
available through Endo Laboratories) is 
a specific and effective antagonist. If 
naloxone is not available, parenteral 
administration of the analeptic, methyl- 
phenidate (Ritalin®), may be of value if 
respiratory depression occurs. 

Talwin is not subject to narcotic controls. 


How Supplied: Ampuls of 1 ml. (30 mg.) 
and 1% ml. (45 mg.) in boxes of 10, 25, 
and 100. Ampuls of 2 ml. (60 mg.) in 
boxes of 25 and 100. Each 1 ml. contains 
Talwin (brand of pentazocine) as lactate 
equivalent to 30 mg. base and 2.8 mg. 
sodium chloride, in water for injection. 
Multiple dose vials of 10 ml., each 1 ml. 
containing Talwin (brand of pentazo- 
cine) as lactate equivalent to 30 mg. 
base, 2 mg. acetone sodium bisulfite, 
1.5 mg. sodium chloride, and 1 mg. 
methylparaben as preservative, in water 
for injection. Boxes of 1. 
The pH of Talwin solutions is adjusted 
between 4 and 5 with lactic acid and 
sodium hydroxide. The air in the ampuls 
and vials has been displaced by nitro- 
gen gas. 
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A Physiological Basis for the Development of 
Opportunistic Infections in Man 


J. WESLEY ALEXANDER, M.D., Sc.D., JONATHAN L. MEAKINS, M.D., Sc.D.* 


"There is at bottom only one genuinely scientific treatment 
for all diseases, and that is to stimulate the phagocytes. Stimu- 
late the phagocytes. Drugs are a delusion.” 


G. B. SHaw (1906) 
The Doctors Dilemma, Act I 


NFECTION continues to be one of the major challenges 
| Bi surgical practice," and in many conditions, such as 
burn injury and organ transplantation, it remains the 
leading cause of death. While many problems of infec- 
tion have been solved, new ones have arisen to take their 
place. The general use of modern antibiotic therapy, for 
example, was once thought to offer the promise of con- 
trolling all infectious problems, but instead it has com- 
pounded their complexity because of the emergence of 
opportunistic pathogens which have become increasingly 
difficult to treat, especially in the compromised host. Al- 
temeier!! recently brought the problem into focus dur- 
ing his presentation of the 1971 Scudder Oration on 
Trauma: “Antibiotic therapy has now been used for 
over a quarter of a century. Clinical and laboratory 
studies have indicated that it has failed to reduce the 
overall incidence of infection associated with surgical 
operations or other trauma." The analogy between Alte- 
meier's and Shaw's remarks is striking, and it has become 
increasingly apparent that fresh approaches to oppor- 
tunistic infections are required. The search for new and 
increasingly effective antibiotics seems misdirected; in- 
stead emphasis on host defense mechanisms and their 
regulatory control now provides the greatest promise for 
the future. 

Immunological therapy to bolster an individual's re- 
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sistance to selected infections has been utilized for almost 
two centuries?! but immunological deficiency states were 
neither well defined nor understood until the pioneering 
discovery of agammaglobulinemia by Colonel Ogden 
Bruton in 1952.15 His finding stimulated an intense and 
ongoing world-wide investigation which has markedly 
increased our understanding of the role of the lymphoid 
system in infectious processes. 

As a result of Metchnikoffs pioneering work?? the 
neutrophilic system of defense has been recognized for 
over one-half of a century as having exceptional impor- 
tance in host resistance, but critical examination of 
neutrophilic function was not made until 1959 when 
Cohn and Morse extended the use of the in vitro 
neutrophil function test described by Maalge ** to the 
problem. Even so, specific abnormalities of neutrophilic 
function were not clearly defined until 1966 when, as 
a result of the broad based survey of immunological 
variables in the congenital disease, chronic granulomat- 
ous disease of childhood, a clear cut intracellular bac- 
tericidal leukocyte defect was described." Since then, 
several investigators have shown that both congenital 
and acquired deficiencies of neutrophilic function may 
be asociated with infection.*? 

In 1967, a test of neutrophilic antibacterial function 
was described by Alexander et al.® which has been used 
to study a large number of patients considered to be 
susceptible to infection, applying it especially to the 
problem of opportunistic infections in burns and trans- 
plantation. This manuscript amalgamates our previously 
published data *9!? with a series of new observations 
and additional clinical data to provide the basis for our 
hypothesis relating the importance of abnormalities of 
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neutrophilic function to the genesis of opportunistic 
sepsis in man. 


Materials and Methods 


Patient Population 


Two groups of patients were studied: those with burn 
injuries and those receiving immunosuppression follow- 
ing renal transplant. Serial measurements of neutrophilic 
function were made in each patient, and no data are in- 
cluded for patients with single or random measurements. 
Data for the multiple organism study, enzyme studies 
and separation of defects are listed separately. 

Burn Patients: Twenty-seven male and 21 female pa- 
tients with major burns were studied. Their ages ranged 
between 1 and 82, and the size of burn between 25% 
total /22% 3° and 93$ total/90% 3°. The average patient 
age and size of burn was 15.6 years and 53.6% total/39.2% 
3° respectively. 

Transplant Patients: Similar measurements of neutro- 
philic function were made on three female and 11 male 
patients receiving kidney transplants. Their ages ranged 
from 17 to 52 (average 36.2). 


Control Subjects 

The normal controls consisted of laboratory personnel. 
To provide an accurate daily baseline for calculation of 
the neutrophil bactericidal index, tests of neutrophil 
antibacterial function were routinely performed on at 
least two normal individuals on each of the days that 
a patient was studied, although occasionally, only one 
control was available. 


Method for Documentation of Sepsis 

The documentation of life-threatening sepsis was usu- 
ally straight forward, and only those septic episodes 
associated with positive blood cultures or instances of 
pneumonia or frank burn wound sepsis which the at- 
tending physician in charge felt were life-threatening 
were acceptable for inclusion in this series. To eliminate 
any bias on the part of the authors, a research assistant, 
who was not aware of the results of the neutrophil func- 
tion tests, collected the clinical data which was later 
confirmed. 


Tests of Neutrophilic Antibacterial Function 

The test used for these studies was modified only 
slightly from that previously described.? For each sub- 
ject, approximately 15 ml. venous blood was collected 
in a plastic syringe and discharged into a conical sil- 
conized glass centrifuge tube containing 3 ml. dextran-70 
in saline and 1000 units heparin. After gentle mixing, the 
erythrocytes were allowed to sediment for 45 minutes, 
and the leukocyte rich plasma was withdrawn with a 
Pasteur pipette and centrifuged at 500 x g for 4 minutes. 
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The leukocyte pellet was resuspended in 5 ml Hanks 
solution containing 1% gelatin, ( Hanks-gel), and quanti- 
tative counts were made for neutrophils. After re-centrif- 
ugation, the supernate was discarded, and the cells were 
suspended in a sufficient volume of Hanks-gel solution 
to produce 10 x10* neutrophils per milliliter. Approxi- 
mately 90% of the cells from such suspension were neu- 
trophils with greater than 95% viability by trypan blue 
exclusion. Staphylococcus aureus 502A was used as the 
test organism for all of the antibacterial studies described 
herein except those in which the antibacterial killing 
capacity of neutrophils was measured against multiple 
organisms. An 18-hour culture of the test organism was 
washed twice with normal saline and resuspended to a 
concentration of approximately 1.5 x 10° organism per 
milliliter. A stock tissue culture medium in which the 
neutrophil function test was performed was made each 
day and was composed of 5 ml. Hanks-gel, 5 ml. fetal calf 
serum, and 0.01 ml. chicken embryo extract. Immediately 
prior to each experiment, 1.0 ml. of freshly thawed 
pooled normal human serum as a source of opsonins, was 
added to 3 ml. of the stock culture medium. The pooled 
normal human serum was prepared from a minimum of 
four normal adults and stored at —70°C until needed. 

The test itself was performed with 0.5 ml. of the 
leukocyte suspension (5 x 10° neutrophils), 0.4 ml. 
stock medium containing human serum (10% final con- 
centration), and 0.1 ml. of the bacterial suspension con- 
taining approximately 1.5 x 10* viable organisms as de- 
termined by pour plate assay. The leukocyte-bacterial 
mixture was incubated in a small plastic Wasserman 
tube on a tilting table aliquot mixture for 4 hours at 
37°C. At the end of incubation, care was taken to obtain 
an evenly disbursed suspension, and 0.1 ml. was removed 
for a quantitative viable bacterial count by a standard 
pour plate assay. The plates were incubated for 48 
hours before colonies were counted. 


Calculation of the Neutrophil Bactericidal Index 


The neutrophil bactericidal index (NBI) was calcu- 
lated for each test by dividing the average of the num- 
bers of bacteria not killed by the neutrophils from each 
normal control into the number of bacteria not killed by 
the subject during the 4 hours incubation period (Fig. 
1). As an example, an NBI of ten would mean that ten 
times as many bacteria survived in the subject's test than 
in the normal control's test; an NBI of four indicated 
that four times as many bacteria survived; and an NBI 
of one represented equivalence with the controls. Num- 
bers less than one were expressed as a negative reciprocal 
and represented better than average function for nor- 
mals. A value of minus two, for example, indicated that 
the test for the experimental subject contained only 
half as many viable bacteria as did the controls on the 
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day of testing. Normal individuals have previously been 
determined to have NBI’s of less than two in 93% of the 
tests.* 

Using this calculation, minor variations in the inocu- 
lum can be disregarded, providing a much more ac- 
curate assessment of neutrophil function than percentage 


of kill. 


Quantitative Cultures of the Burn Wounds 


In 12 selected burn patients, quantitative cultures 
were made of the burn wound on a periodic basis. Speci- 
mens for cultures were taken from at least two sites by 
excising portions of the burn wound eschar or scraping 
the granulation tissue. When topical antibacterial agents 
were being used, these were removed by washing with 
Dreft and hydrogen peroxide in normal saline. Metic- 
ulously sterile technic was used throughout, and speci- 
mens were as representative of the entire burn wound as 
possible. The individual specimens were weighed, diced, 
and homogenized in 10 ml. of sterile saline in an ice bath 
for 5 minutes at 720 rpm using a 50 ml. Duall tissue 
grinder (Kontes Glass Co).?! Bacteria were estimated by 
standard plate count methods using acetimide agar, and 
the count was expressed as the number of bacteria per 
gram of tissue submitted. 


Separation of Phagocytic Defects from Intracellular 
Killing Defects 


In studies of the first 42 patients, duplicate tests were 
done in which 100 yg. streptomycin and 100 units penicil- 
lin were added at the beginning of incubation to kill 
extracellular bacteria which were not rapidly phagocy- 
tized.^? At the end of the 4-hour incubation period, all of 
the remaining viable bacteria were presumed to be intra- 
cellular. A phagocytosis-intracellular killing index (PIK 
index) was calculated for the tests in which antibiotics 
were used to kill extracellular bacteria in a manner simi- 
lar to the NBL5 In a patient with an abnormally high 
NBI, high values for the PIK index indicated rapid 
phagocytosis, and low values indicated an impairment of 
phagocytosis. 

The intracellular location of bacteria was confirmed 
in an additional seven tests on burn patients using lyso- 
staphin, a specific staphylocidal enzyme supplied by Dr. 
James Tan and used in the manner he has described.** 
At the end of the 4-hour incubation period, the leu- 
kocyte-bacterial suspension was sampled, 20 units of 
lysostaphin was added, and the mixture incubated in a 
water bath at 37°C for an additional 20 minutes. One 
tenth ml. of 2.5% tryspin was added to inactivate the 
lysostaphin, and the mixture was sampled for viable bac- 
teria. The lysostaphin kills all extracellular bacteria, 
therefore allowing separation of a bactericidal from a 
phagocytic defect. 
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Fic. 1. Method for calculation of the neutrophil-bactericidal index 
with examples to show how the values are determined. See text for 
further explanation. 


In addition, a series of electron micrographs were 
made of the neutrophils from a 15-year-old patient with 
a 51% burn and two controls. The cells were sampled at 
two points in the neutrophil function test, the first just 
prior to incubation on the aliquot mixer, and the second 
at the time of sampling for viable bacteria. These speci- 
mens, each containing about 4.5 x 10* cells, were cen- 
trifuged to make a pellet, the supernatant was removed, 
and 3% gluteraldehyde gently layered on the pellet 
which, when fixed, was cubed and placed in phosphate 
buffer. The specimens were postfixed in osmium tetroxide 
and embedded in Maraglas. Ultrathin sections were cut 
on a LKB-2 ultramicrotome and double stained with 
uranyl acetate and lead citrate. The sections were ex- 
amined and photographed on an RCA-EMU-3G and a 
Model 101 Siemans Electron Microscope. To ensure that 
individual cells and engulfed bacteria could not be ex- 
amined more than once, a ribbon of sections was cut for 
a single grid, and 25-30 thick sections were then cut 
before the next ribbon was prepared. To ensure that 
cells were not counted twice in the same plane, a limited 
number from each grid were examined, usually about 75, 
depending upon the size of the block face. The cells of 
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TABLE 1. 
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Patient Data 





Total & (Av) Total & (Av) Total Episodes of 





Type of Patient Number of Patients Ages Range (Av) Days Studied Tests Performed Sepsis 
Burn 48 1-82 (15.6) 1604 (33.4) 573 (12) 45 
Transplant 14 17-52 (36.2) 1218 (87.0) 376 (27) 2 
Total 62 1-82 (20.3) 2822 (45.5) 949 (15) 47 





both control and burn neutrophils were evaluated for 
evidence of phagocytosis, the number of intracellular 
bacteria, and the number of paired bacteria. 

The temporal dynamics of the intracellular killing de- 
fect were studied in four burn patients and two normal 
controls by preparing individual tests in quintuplicate 
with the same neutrophil-bacterial mixture, and sampling 
them in the described manner at 15, 30, 60, 120 and 240 
minutes. A set of tests in the absence of neutrophils was 
performed at the same time. 


Multiple Organism Study 


In one series of tests on five burn patients, Serratia 
marcescens, Streptococcus viridans, Pseudomonas aeru- 
ginosa serotype 1, Staphylococcus aureus 502A and Can- 
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Fic. 2. Average of all determinations of NBI with standard error 
of the mean for patients within various categories. Because of the 
small number of determinations for transplant patients with sepsis 
and transplant patients at the onset of sepsis, standard error of the 
mean was not calculated for these groups. 


dida albicans were utilized as the test organism in sep- 
arate sets of tests done concurrently on the same patient's 
neutrophils to determine if selective antibacterial defects 
were present. The organisms were prepared in the same 
manner as described for Staphylococcus aureus 502A 
(vide supra), and the tests were performed identically. 
An NBI was calculated for each organism. 


Enzyme Studies 


Intraleukocyte myeloperoxidase (MPO) levels * were 
measured on three patients with severe burns in con- 
junction with neutrophil function tests. Six ml. blood was 
added to an equal volume of 6% dextran in normal saline 
with 0.1 ml. EDTA. The red cells were allowed to sedi- 
ment, and the leukocyte rich plasma was withdrawn and 
washed sequentially in 2 ml. of normal saline, 6 ml. of 
cold sterile HO and 2 ml. 3.5% cold saline to lyse the red 
cells. Slow centrifugation produced a pellet of leukocytes, 
and the red cell stroma in the supernatant was discarded. 
The neutrophils, now free of erythrocytes, were counted 
and resuspended in saline to a concentration of 1 x 107 
PMN/ml. The remainder of the test was done in an 
ultracentrifuge tube in which 1.2 ml. of the PMN suspen- 
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Fic. 3. Relationship of the onset of sepsis to the value of the NBI 
within the 48 hours immediately preceding the episode of sepsis. 
NBI’s are grouped within ranges. 
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Fic. 4, Relationship of the values of NBI within specified ranges 
to recovery of positive blood cultures during the 48 hours follow- 
ing determination of the NBI. Note that the risk of having a posi- 
tive blood culture was directly related to the value of the NBI. 


sion was centrifuged, 3 ml. of acetate buffer (pH 3.7) 
was added to cell pellet, and the cells resuspended. The 
PMN were disrupted either by sonification or freeze- 
thawing (6 immersions in an acetone-dry ice bath). 
When the resulting suspension was centrifuged at 20,000 
X G for 30 minutes in a preparative ultracentrifuge, the 
enzyme remained in the supernatant. MPO levels were 
measured in a recording spectrophotometer at 460 , at 
25°C. The substrate (0.3 ml. of HO and 0.05 ml. of 
0.02 M O-dianisidine in methanol) was added to 0.25 
ml. of sample and 0.3 ml. phosphate buffer (0.1/M pH 
6.0), and the volume adjusted to 3 ml. with HO. The 
final amount of enzyme was expressed as the equivalent 
per 1 x 105 PMN. The activity was recorded in units, a 
unit of MPO activity being defined as that activity caus- 
ing an increase in absorbancy of 0.001 /minute. 

Intraleukocyte lysozyme determinations were done se- 
rially in eight patients with severe burns and four trans- 
plant patients, three of whom were also studied during 
the pre-transplant period while undergoing hemodialysis. 
The technic was identical to that used by Alexander! 
which is based upon the sample’s lytic action on the cell 
walls of Micrococcus lysodeikticus as measured in a spec- 
trophotometer at 540 » at 25°C for 20 minutes. The re- 
sults are tabulated in micrograms of lysozyme per 10* 
leukocytes. 


Statistical Evaluations 


Student's t test was used for all statistical measure- 
ments. 
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Results 


Correlation of Neutrophil Function Tests with the De- 
velopment of Sepsis 


Nine hundred forty-nine individual tests for neutro- 
philic function were performed during 2,822 days of 
different from the average NBI for nine normal individ- 
patient observation in 62 patients. Forty-seven episodes 
of sepsis occurred during the periods of observation, 45 
in burn patients and two in transplant patients (Table 
1). 

The average for all NBI's done on the transplant pa- 
uals studied concurrently with 265 tests! (p < 0.01). 
tients and on the burn patients (Fig. 2) were significantly 
Those 33 burn patients who had episodes of sepsis at 
some time had a significantly higher average NBI than 
the 15 burn patients who did not have sepsis during 
their post-burn course (p < 0.005). Likewise, the aver- 
age NBI at the onset of sepsis was significantly higher 
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Fic. 5. Serial neutrophil function tests on a 14-year-old boy with 
an 87% burn (42% 3°). Only positive blood cultures are recorded. 
Note the cyclic variation of antibacterial function of this patient’s 
neutrophils and the clear association of positive blood cultures 
with impaired neutrophilic function. 
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Fic. 6. Three distinct periods of sepsis were observed in this 14- 
year-old girl with a 76% burn (56% 3°). Each was associated 
with a relatively poor antibacterial function of neutrophils. It was 
interesting that positive blood cultures were not encountered when 
neutrophilic function was relatively better. The cyclic nature of 
the variation in neutrophil function is well demonstrated in this 
patient. 


than the average NBI obtained from those same patients 
during the entire period of observation (p < 0.005). 
Non-septic burn patients had significantly worse NBI's 
than transplant patients (p < 0.001). Since only two 
transplant patients developed sepsis, a statistical value 
for the difference of their NBI's compared to the NBI's of 
all transplant patients or in the same patients at the on- 
set of sepsis could not be calculated. However, the same 
trend was seen in the transplant group as was observed 
in the burn group, relating the importance of the NBI to 
the development of sepsis. 

Since a retrospective analysis of the development of 
sepsis was made in these patients, the tests for neutro- 
philic function were not always performed at the exact 
onset of sepsis, generally being done each Monday, 
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Fic. 7. This 14-year-old girl with a 57% (37% 3°) burn had 
poorly funetioning neutrophils during the early period of observa- 
tion. With recovery from burn injury, neutrophil function grad- 
ually returned toward normal, but the cyclic variation of function 
persisted. Positive blood cultures were observed only during the 
early portion of this patient's course. 


Wednesday, and Friday, However, upon examination of 
the data, it was apparent that the abnormalities of neu- 
trophilic function preceded the onset of septic episodes 
rather than followed them, suggesting that sepsis oc- 
curred as a consequence of an abnormality of neutrophil 
function rather than the reverse. The values for the NBI 
within the 48 hours preceding each episode of sepsis are 
shown in Figure 3, In our study, sepsis was not asso- 
ciated with NBI’s considered to be within the normal 
range (less than two), and only four of the 45 septic epi- 
sodes were related to a preceding NBI less than four. 
Therefore, it appeared that the risk of sepsis in a burn 
patient was not great until an NBI of four or more was 
encountered. 

Another way of examining the significance of the data 
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Fic. 8. This 52-year-old woman received a cadaveric renal trans- 
plant. Neutrophilic function was within normal range until last 
determination on the 18th post-transplant day. Concurrent with a 
rather pronounced abnormality of neutrophilic function, she de- 
veloped extensive pneumonia from which she died. Note the 
changes in pulse, temperature, and respiration which accom- 
panied the alteration of neutrophilic function. 


was to calculate the percentage of tests within specified 
ranges of NBI which was associated with a positive 
blood culture during the 48 hours following the determi- 
nation of the NBI (Fig. 4). Since positive blood cultures 
sometimes persisted for a few days after improvement of 
the NBI, this method of examination was not felt to be as 
accurate as evaluating specific septic episodes; neverthe- 
less, a striking correlation was noted. Of the 75 positive 
blood cultures in these patients, none was associated 
with an NBI which was better than normal, but the risk 
progressively increased until one-fourth of the NBI de- 
terminations greater than 32 were associated with a posi- 
tive blood culture during the subsequent 48 hours. 
Examples of the relationship of the neutrophil-bacteri- 
cidal index to septic episodes in the burn patients are 
shown in Figures 5-7. In each of these patients, there 
was clear evidence of a cyclic variation of neutrophil 
function. Positive blood cultures often persisted for a 
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prove, indicating that the presence of sepsis itself did 
not adversely affect neutrophilic function. In fact, in 
none of our studies were we able to demonstrate a sig- 
nificant alteration of the intrinsic cyclic variation of neu- 
trophilic function by any natural event or infectious dis- 
ease that we have studied. However, improvement in 
neutrophil function was seen to occur as the burns healed. 
(Fig. 7). 

Considerably less data was available concerning the 
relationship of abnormal neutrophilic function to sepsis 
in the transplant patients since only two patients became 
septic during the period of observation. However, both 
episodes were associated with a significant abnormality 
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Fic. 9. Quantitative cultures from the burn wounds and measure- 
ment of neutrophilic function were made serially in this 2-year- 
old boy with a 64% burn (44% 3°). Again note that positive blood 
cultures were associated with preceedin Minnie of neu- 
trophilic function. The fluctuations in the numbers of bacteria 
in the burn eschar varied in relation to the cyclic changes in 
neutrophil function. The scale for the neutrophil-bactericidal index 
is different trom previous figures. 
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neutrophilic abnormality or improvement by 2-3 days. 
Adjusting for this lag period, the relationship was sta- 
Age 4 d tistically significant (p < 0.01). Since high bacterial 
T/3? 61/50 counts in the burn wound act as a potential continuous 
source for seeding of the blood stream, this lag period 
could account for many of the positive blood cultures 
seen during the 2-3 day period following improvement 
in neutrophilic function. Details of this study are to be 
published elsewhere," but this summary of findings is 
being presented to provide substantiating data for our 
hypothesis. 
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Separation of Phagocytic Defects from Intracellular 
Killing Defects 

The phagocytosis-intracellular killing index (PIK in- 
dex) was calculated in all of the studies on the first 42 
patients. At no time was there evidence of an intrinsic 
defect in phagocytosis in either the burn or transplant 
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Fic. 10. Burn course of a 4-year-old boy with a 61% burn (50% 
3°). The predominant organisms in the burn wound eschar are 
shown at the bottom of the figure. Only one positive blood cul- 
ture was recovered, on the 47th post-burn day. It was at this 
time that he developed classical burn wound sepsis from Pseudo- 
monas aeruginosa. While the onset of his septic episode was as- 
sociated with a markedly abnormal NBI, this returned to normal 
by the 50th post-burn day, and the patient made a rapid and 
uneventual recovery. Correlation of the quantitative cultures in 
the burn wound with the neutrophil-bactericidal index was better 
during the early post-burn period, possibly because all cultures 
after the 50th post-burn day were taken from granulating wounds 
without eschar. 


—— Lysostaphin 


io) 


a 
2 
N 
3 
a 
! 

H 


of neutrophilic function, and both patients died of their 
sepsis. The clinical course of one of these patients is : 
Pow in Figure 8 No viable 
f 2 0; 

8 bacteria 


detected 


Viable bacteria ( Log 


Correlation of NBI with Quantitative Cultures in Burn 
Wounds 
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Continuation of sepsis in burn patients for 1 to 4 days 4 4 4 
after improvement of neutrophil function was at first per- 
plexing, but determinations of the quantitative wound I 3 ] : 

; ———-[Incubation with control neutrophils 
— helped to clar ify this observation (Figs. 9, e--«[ncubation with burn neutrophils 
10). Prominent fluctuations in the microbial density in "No cells, incubation in hanks only 
the burn wound eschar occurred in association with de- 


teriorating and improving neutrophilic function, High 
bacterial counts tended to lag the points of maximal 


Hours 





hic. 1I. Neutrophil function with lysostaphin added at 4 hours. 
See text. 
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Fic. 12. A. Electron micro- 
graph of a normal neutrophil: P 
is example of one of several 
phagolysosomes containing de- 
bris of digested bacteria, L in- 
dicates 2 types of lysosomes, 
specific granules on left and 
azurophilic granules on the 
right. B. Electron micrograph 
of a burn neutrophil: b indi- 
cates one of two clearly intact 
bacteria within phagolysosomes, 
a third and fourth bacterium 
are tangentially cut, DL repre- 
sents a recently degranulated 
lysosome. Mag. 23,500x. 


patients. Instead, consistently high values for the PIK in- 
dex associated with a high NBI indicated that there was 
rapid phagocytosis with a deficiency of the neutrophils 
ability to kill ingested bacteria. PIK indexes were not cal- 
culated for the remaining 20 patients since other technics 
were used to provide confirmatory evidence for the pres- 
ence of an intracellular killing defect. 

The use of lysostaphin to kill extracellular bacteria was 
another means to provide confirmatory evidence. Each 
of the seven tests on neutrophils from burn patients 
showed that the remaining viable bacteria at the end of 
the 4-hour incubation period were all intracellular 
whereas one-half of the organisms were extracellular in 
the control tests (Fig. 11). 

In the electron microscopic study, 1,167 neutrophils 
from control subjects and 2,132 burn neutrophils were 
examined (Fig. 12). The number of neutrophils with 
phagolysosomes, as an indicator of phagocytosis, was 
not different between burn and control. However, 17.4% 
of the neutrophils from the burn patients contained in- 
tact bacteria (22.5/100 cells) compared to 8.2% of the 
neutrophils from control patients (9.3/100 cells) (p < 
0.001). Likewise, the number of neutrophils with paired 
bacteria was significantly higher in burn patients than in 
controls, 4.2% versus 0.8% (p < 0.005). Not surprisingly, 
the number of neutrophils with intact bacteria and 
paired bacteria in the burn patients correlated well with 
the neutrophil-bactericidal index. These observations 
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provide additional strong evidence that bacteria not only 
survive in the abnormal neutrophils of burn patients, but 
they multiply intracellularly.?* 

Temporal dynamics of the intracellular killing defect 
were examined by sequential sampling of the neutrophil- 
bacterial mixtures performed on four burn patients and 
two normal controls (Table 2). This series of tests 
showed that the burn patients killed normally during 
the first hour of incubation, but subsequently there was 
no bactericidal activity. In contrast, neutrophils from 
normal controls continued to kill bacteria for at least 
four hours. 


Multiple Organism Study 


Although there was a consistently decreased activity 
of the burn neutrophils against Candida albicans, com- 
pared to controls, there were factors in the test which 
may have made the results unreliable; and the results 
were deleted from final analysis. Neither the burn nor 
control neutrophils killed the four different bacteria with 
the same efficiency, and in all but one patient, the order 
of increasing bactericidal efficiency was for Staphylococ- 
cus, Pseudomonas, Streptococcus and Serratia. Killing of 
Staphylococcus and Serratia appeared to vary periodically 
in phase with each other, whereas the NBI’s for Strepto- 
coccus and Pseudomonas were markedly similar and 
cycled in phase. The patient shown in Figure 13 was a 
remarkable exception to this general observation since 
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TABLE 2. Bacterial Counts after Incubation Showing Dynamics of the Defect in Burn Neutrophils 
15 Min 30 Min 60 Min 120 Min 240 Min 
Mean + SE X 10 Mean + SE X 104 Mean + SE X 10% Mean + SE X 10 Mean + SE X 10! 
Burn 57 + 6.3 37+ 4.5 21 + 3.0 31.0 + 6.5 22.0 + 2.8 
Control 71+ 9.2 32 + 3.7 16 + 2.0 8.5 + 0.6 6.6 + 0.9 
Probability N.S. N.S. N.S. p < 0.005 p < 0.001 





there appeared to be no correlation between the capabil- 
ity of his neutrophils to kill one bacterium with the capa- 
bility to kill another. 

This patient was studied from the 29th to the 67th 
post-burn day, during which time he had eight positive 
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45 50 55 
Postburn days 
Fic. 13. Serial tests of neutrophil function against four bacteria 
are shown as indicated for this 17-year-old boy with an 882 burn 
(51% 3°). Positive blood cultures are listed by organisms at the 
bottom of the figure whereas negative blood cultures obtained 
during the same period of observation are indicated by a O. See 
text for further explanation. 
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blood cultures, three with E. coli, beta hemolytic Strep- 
tococcus and Proteus mirabilus, two with Bacteroides, 
one with Staphylococcus alone and one together with 
Bacteroides, and one with Staphylococcus epidermidis 
which was probably a contaminant. The changes for his 
NBI for each organism were independent of one another 
and he frequently presented with a nornial bactericidal 
capacity against one organism or another. When neutro- 
phil function studies were done at a time near the posi- 
tive blood cultures, the NBI was abnormal for two or 
more organisms. The positive blood cultures for Staphy- 
lococcus were associated with a high NBI for Staphy- 
lococcus, and for Bacteroides, with a high NBI for 
Staphylococcus, Streptococcus, and Serratia. The blood 
cultures which were positive for multiple organisms in- 
volving Streptococcus and E. coli were associated with 
an elevated NBI for Streptococcus, Pseudomonas and 
Staphylococcus. The patient ultimately survived. 


Enzyme Studies 


Intraleukocyte lysozyme values and their correlation 
with the NBI are shown in Tables 3 and 4. Those patients 
who died of sepsis had significantly lower intraleukocyte 
lysozyme levels than the patients who did not die of sep- 
sis or the normal controls, and extremely low values of 
intraleukocyte lysozyme tended to correlate with sepsis 
in these patients. However, there was no significant cor- 
relation of the value of NBI with the intraleukocyte lyso- 
zyme level, and it was concluded that variations in the 
intraleukocyte lysozyme level were not related to the 
cyclic variation of neutrophil-bactericidal index. 

Intraleukocyte myeloperoxidase levels, expressed as 
units/million neutrophils, averaged 17.94 + 3.1 units for 
the controls and 17.38 + 3.2 for the burn neutrophils. 


Discussion 


We have previously shown that abnormalities of the 
ability of neutrophils to kill ingested bacteria are related 
temporally to the onset of sepsis in humans.*9!^ The 
data presented in this communication confirm and ex- 
tend these previous impressions, and form the basis for 
the hypothesis that abnormalities of the antibacterial 
function of neutrophils are the major reason for the de- 
velopment of opportunistic sepsis in man. It must be 
emphasized, however, that neutrophilic dysfunction is 
not the only factor of importance, and numerous im- 
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TABLE 3. Intraleukocyte Lysozyme Levels and the NBI in Burn Injury 





Burn Patients 








Control Age 14M Age 6M Age 4M Age 15 M Age 12 F 
Age 30M Age27M  (T/3?—51/24) (T/3*—867/29) (T/39—61/50) (T/3*—52/40) (T/3°5—4/41) 
Lys Lys PBD Lys NBI PBD Lys NBI PBD Lys NBI PBD Lys NBI PBD Lys NBI 
4.4 8 9.0 3.5 
3.9 9.0 10 9.0 3.8 
14.5 3.1 12 2.2 7.4 
4.0 12.8 15 22.0 6.9 
6.0 12.8 17 4.1 14.7 
11.2 14.0 19 16.2 13.6 
5.6 22 18.0 6.5 
70.01 24 5.0 12.8 
3.8 26 20.0 4.5 
6.4 29 13.3 10 
31 25.4 
4.6 33 9.6 2.7 10 11.4 4.7 15 1.5 3.7 
5.3 13 5.4 3.8 18 4.1 7.4 
3.4 15 4.3 4.5 20 1.9 8.6 
7.8 17 6.0 11.5 22 1.9 13.5 
13.3 22 6.2 6,3 27 3.3 8.8 
24 9.3 9.4 29 3.0 18.3 
5.3 27 7.0 3,5 32 2.5 8.9 
6.0 29 2.9 10.2 34 8.0 3.9 
3.0 31 4.3 3.4 36 4.7 11.5 
3.5 34 14.0 4.4 39 3.0 13 
10.0 38 >10 2.8 43 2.6 11.2 
4.0 4| >10 —1.5 46 3.2 13.6 
NS. NSS. p<0.01 
16 67 55 1.8 8 28 1.2 
10. 69 37 1 10 4 3.0 
71 3.6 3.2 12 1.3 3.0 
76 11.6 —1.2 17 5.5 2.9 
20 78 60 —2.6 19 1.0 
5.9 26 2.0 23.6 16 5.5 12.9 
1.4 t 29 1.8 1.7 19 1.3 3.6 
2.1 31 5.0 3.8 21 1.3 18.9 
13.6 33 1.4 3.7 23 1.5 25.3 
3.8 36 2.8 3.7 26 1.2 15.6 
10.8 40 1.4 3.7 Died 
p < 0.05* N.S. 








} Statistically greater than control, days 67-78, values of 55, 60 unexplained 

* Calculated without value 28, which is clearly out of order with respect to other values 
T Value of 70, unexplained and excluded from statistical calculation 
** Control data used for statistical evaluation are those for the same dates as burn data 


munological variables may contribute to the development 
of infection.” Burn injury, in particular, may be associ- 
ated with a variety of immune defects including abnor- 
mal responses to antigens, delayed rejection of grafts, 
abnormal vascular responses, impairment of delayed 
hypersensitivity reactions, and diminished uptake of 
particles by the reticuloendothelial system.? Nevertheless, 
among the immunological variables presently known to 
contribute to host defense, functional abnormalities of 


neutrophils appear from our data to be foremost in ren- . 


dering a patient susceptible to the development of op- 
portunistic infection. 

Several investigators have provided additional evi- 
dence that acquired abnormalities of the antibacterial 
function of neutrophils may contribute in a major way 
to the development of sepsis in man. In a study of the 
phagocytic and killing capabilities of leukocytes from 


lymphoproliferative diseases in 1964, Sbarra et aL? 
found several patients for whom there was evidence of 
abnormal intracellular killing which seemed to be re- 
lated to clinical infections. Later, Rosner et al.®° studied 
leukocyte function in patients with leukemia with similar 
findings. In 1969, Coen et al.!5 reported that neutrophils 
of newborn infants had a functional deficiency in almost 
half of the subjects studied during the first half hour of 
life, a time of particular susceptibility to sepsis. At the 
opposite extreme of life, Douglas et al.!5 a year later, 
described a 75-year-old man with a reversible neutrophil 
bactericidal defect, but their observations may only have 
been related to the normal cyclic variation in neutrophilic 
function which we have seen so many tímes in our pa- 
tients. They incorrectly suggested that their case was the 
first reported incidence of a transient neutrophil bacteri- 
cidal defect, since these had been documented several 
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TABLE 4. Intraleukocyte Lysozyme Levels and the NBI in Burn. Injury and Renal Transplant Patienis. 
l Burn Renal Transplant Patients 
Control Age 46 F Age 41 F Age 24 TA Age 45 M Age 52 M Age 48 F 
Age 31M Age 25F T/3° 33/33 T/3° 175/58 Pre & Pos: Tx. Pre & Post Tx. Dialysis 1 Yr. Post. Tx. 
Lys Lys PBD Lys NBI PBD Lys NBI Lys N3I Lys NBI Lys NBI Lys NBI 
9.6 15 2.0 3.9 13.5 2.4 
5 12.2 44 1.3 17.7 18 4.3 6 4.2 42 12 3 
10 21 46 1.9 2.9 20 4.7 6.1 5.2 15 30.4 1.4 
2 12.2 48 1.3 1.2 22 2.7 5.8 3.2 1 14.5 —1.4 
4.3 12.5 51 1.1 1.7 25 2.1 9.2 9.0 16 12.5 1.2 
5.3 9.6 27 3.2 3.1 3.2 15 13.6 1.8 
3.5 12.8 29 1.6 — 64 — 16.2 — 
6.0 13.2 32 3.2 — Transplant 13.5 — 
4.0 12.7 5.1 1.3 — 1.4 
— 12.0 2.9 —1.6 13.3 —2.5 
— 10.8 p < 0,005 p «0.001 3.4 2 14.3 —1.3 
5.6 — 3.3 7.1 — 3 12.4 6.4 
4.2 13.5 2.9 2.5 7.5 2.8 6.2 1 
Transplant 
15.2 2.1 14.5 ~—1.3 19.8 —6.9 
14.0 2.5 10 15.2 4.5 14.0 1.6 
9.0 1.6 2 10 1 12.7 -—3.7 
5.4 15.2 3.4 1.0 8.0 1.2 15 —1.3 
3.5 8.7 3.2 1.5 5.6 1.4 13.5 —2.3 13.1 1 
17.0 4.0 1.1 13.5 1.5 13.0  —1.3 
3.3 11.2 5.8 1.1 15.0 1.5 
3.3 4.4 1.5 14.8 10.0 1.1 
N.S.* N.S.f N.S. N.S. 








* The pre- and post transplant means are 6.4 and 3.5 respectively and are not significant at the 0.05 level. 
t The pre- and post-transplant means are 14.7 and 10.5 respectively and are nct significant at the 0.05 level. 


N.S. Not significant 


times previously.999? In 1971, McCall et al?9 studied 
the function of human neutrophils from patients with 
severe infections and inflammation. They found that 
neutrophils sometimes had a decreased ability to kill 
Staphylococcus albus, but sequential studies on their 11 
patients apparently were not made. Not all patients were 
abnormal implying that infection per se was not the 
source of the abnormality. Our observation that abnor- 
malities of neutrophilic function are related to the de- 
velopment of sepsis has most recently been supported by 
Grogan et al? who used Pseudomonas aeruginosa as 
the test organism to study patients with burn injuries and 
these receiving major non-thermal trauma. In contrast, 
Balch!? was unable to demonstrate a neutrophil-bac- 
tericidal defect in burn patients, but it is likely that his 
choice of technics for examining the variable was re- 
sponsible for his inability to uncover significant abnor- 
malities. 

The experimental data demonstrating that a phagocy- 
tic defect is unusual in burn or transplant patients are 
conclusive. These data include the PIK indices, lysosta- 
phin studies, electron microscopic studies, sequential 
myeloperoxidase studies, and the observation that bac- 
teria are phagocytized and killed by burn neutrophils at 
a normal rate for the first hour without further killing. 
The host abnormality obviously has resulted from a de- 
fective intracellular bactericidal activity. The reasons for 


this abnormality are not clear, but the rates of degranula- 
tion in burn neutrophils estimated from a previous 
study ° and in the electron microscopic study reported 
herein and elsewhere ?* appeared to approximate the rate 
in normal »ersons, suggesting that the defect was related 
to an abno-mality of lysosomal enzymes. 

Several bactericidal mechanisms have been found to 
be of importance in the neutrophils of man.?? Chronic - 
granulomatous disease of childhood has been the most 
completely studied of the several hereditary conditions 
associated with abnormalities of neutrophilic function.*® 
However, :he precise enzymatic basis for the defect is 
still contrcversial although it seems to be related to a 
deficiency of the generation of hydrogen peroxide within 
the leukoczte?* Strauss and co-workers 33 have demon- 
strated that a  myeloperoxidase-hydrogen peroxide- 
chloride syster1 is an important antibacterial mechanism, 
but Kleban5f and Pincus ?* have suggested the possibility 
of a microbicibal control mechanism in which a deficiency 
of myeloperoxidase activity is offset by an increase in 
non-enzymatic activity of intraleukocyte hydrogen perox- 
ide. If the MPO system is involved in the bactericidal 
defect of tke burn neutrophil, it must be related to some 
other component of this pathway, since intraleukocyte 
MPO levels in the burn neutrophils were found to be 
identical to controls. 

Lysozyme has been felt to provide another potential 
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mechanism of intraleukocyte antibacterial activity? 
Since neutrophil lysozyme levels had previously been 
found to be low in burn patients! they were studied 
more critically in conjunction with tests of neutrophil 
function and with the exception of one patient, no cor- 
relation between intraleukocyte lysozyme levels and 
neutrophil function could be established. Two patients 
had normal or greater than normal mean lysozyme levels 
despite periodically poor neutrophil function, yet their 
post-burn courses were smooth and not complicated by 
septic episodes. One patient who had lysozyme levels 
done during two periods separated by 3 weeks, devel- 
oped serious Pseudomonas sepsis (Fig. 11), and lost most 
of his skin grafts in the period when his intraleukocyte 
lysozyme levels were significantly lower than normal. 
During the second period, as his burn healed, the levels 
were strikingly higher and above normal. Leukocyte ly- 
sozyme levels were significantly lower in the patients who 
died with sepsis than in those who did not. From these 
few patients, it is difficult to draw definitive conclusions, 
but it would appear that intraleukocyte lysozyme levels 
have predictive value for the outcome of the burn pa- 
tient's clinical course. 

Zeya and Spitznagel fractionated polymorphonuclear 
leukocytes from guinea pig?" and rabbit? peritoneal 
exudates, and a series of lysosomal components could 
be eluted after electrophoresis on cellulose acetate paper 
which showed species specific antibacterial activity dis- 
tinct from lysosomal enzymes. Welsh and Spitznagel?5 
more recently separated homogenates of human neutro- 
phils into different fractions, demonstrating that the lyso- 
somes of human neutrophils comprise at least three and 
possibly four distinct cytoplasmic particles. Cationic pro- 
teins were associated with lysozyme and beta glucuroni- 
dase containing granules, but antibacterial activity was 
present in four of the five cell fractions examined. Unfor- 
tunately, quantitative methods for measurement of the 
specific cationic antibacterial proteins have not been 
described, and these data for burn neutrophils are not 
available. When this methodology becomes available, 
resolution of the specific antibacterial deficiencies will be 
possible and thereby insight into their ultimate control 
facilitated. 

The cyclic pattern of neutrophil function described 
earlier * has been confirmed in this study. The discovery 
of this cyclic variation in neutrophil function not only 
explains the unexpected occurrence of infection, but also 
periods of unexpected resistance. The rhythymic nature 
of the observed cycle suggested that it may have en- 
docrinological control. A series of experiments in labora- 
tory animals have demonstrated that the cyclic variation 
is not regulated by the pituitary gland, adrenal glands, 
gonads, or pineal body? but other endocrinological con- 
trol mechanisms have not been excluded. 
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The observation that the neutrophils showed cyclic de- 
ficiencies in their ability to kill different types of organ- 
isms with abnormalities which did not coincide was at 
first both surprising and disconcerting. The inoculum 
reduction of each species by burn and control neutrophils 
had a consistent range, but there were variations be- 
tween bacterial species of as much as a full logi; when 
tested against the same neutrophils. Burn neutrophils 
showed a consistent bactericidal defect against Staphy- 
lococcus and Serratia, demonstrating cyclic patterns of 
dysfunction which were in phase in four patients. Burn 
neutrophil-bactericidal activity was less consistent against 
Streptococcus and Pseudomonas and was occasionally 
normal, although the normal intervals were interrupted 
by cycles of startling bactericidal inefficiency, which 
were in phase in three patients. It is the lack of correla- 
tion between the different organisms which should be 
emphasized since it may be important in delineating 
mechanisms responsible for the leukocyte abnormality. 
These observations add to the evidence that neutrophils 
have several bactericidal pathways which may be spe- 
cific for different bacteria.?9.3587.88 

Bell and co-workers’! have studied the antibacterial 
activity of leukocytes which were derived from inflamma- 
tory exudates following dermal abrasion. They demon- 
strated that phagocytosis and killing of staphylococci and 
the intracellular contents of lysozyme and cathepsin were 
not significantly different from neutrophils obtained from 
peripheral blood, Therefore, they suggested that normal 
leukocytes did not undergo functional alteration during 
tissue mobilization. Their findings help to explain the 2- 
3 day lag period before quantitative cultures of the burn 
wound reflected the changes in neutrophil function since 
neutrophils are end cells with a life span of about 3 days. 
Thus, neutrophils entering the burn eschar or other in- 
flammatory focus could be expected to exert functional 
characteristics of that population for an additional 2-3 
days when they would be replaced by a new population 
of neutrophils. 

From these studies, it is obvious that burn and trans- 
plant patients were more apt to acquire life-threatening 
infections when their neutrophilic function was abnormal 
than when it was normal, and the risk of infection was 
directly related to the degree of abnormality of neutro- 
philic function. The observations are of particular sig- 
nificance to burn patients because of their probable 
relationship to the pathophysiological mechanisms re- 
sponsible for systemic invasion by flora in the burn 
wound. The neutrophil has the primary responsibility 
for localization of infection in the acute inflammatory 
process of the burn wound. The periodic defects in 
neutrophilic-bactericidal function which allow prolonged 
intracellular survival, the clear ability of bacteria to 
multiply intracellularly where they are protected from 
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antimicrobial drugs and other phagocytes, and the 
ultimate release of viable bacteria upon death of the 
neutrophil, help to explain the sudden or unexpected 
development of sepsis in these patients. 

Since the cyclic variation of neutrophilic function has 
been found to be a universal phenomenon, and resistance 
to infection is clearly related to the efficiency of bacterial 
killing by neutrophils, it is likely that most opportunistic 
infections in man are associated with physiologic or ac- 
quired abnormalities of neutrophilic antibacterial func- 
tion. It is evident that further investigation into the bio- 
chemical pathways and regulatory mechanisms of this 
important process will be necessary before its manipula- 
tion can be brought to therapeutic advantage. 


Summary 

Physiologic variations in neutrophilic function occur 
normally in man, having a cyclic rhythmicity with a 
period approximating 14-24 days. Acquired abnormal- 
ities of neutrophilic antibacterial function, such as those 
which have been extensively documented in burn and 
transplant patients, are superimposed upon the physio- 
logic abnormalities associated with the cycle causing 
periods when neutrophilic function, as expressed by the 
NBI, is extremely poor. Regardless of the basis for the de- 
fects, increasing abnormalities of neutrophil function have 
been significantly associated with increasing susceptibility 
to the development of life-threatening sepsis. The control 
mechanism for the periodic function has not yet been 
elucidated. In the acquired abnormality, however, leu- 
kocytes phagocytize normally and degranulation appears 
to be intact, thus implicating one or more intraleukocyte 
bactericidal mechanisms, notably the enzymes contained 
in lysosomal granules. Within neutrophils, there are a 
multiplicity of bactericidal mechanisms with different 
specificities, and bactericidal efficiency for four separate 
organisms were observed to vary at different times. This 
observation suggests that the mechanisms are extremely 
complex, and an abnormality of any single intraleukocyte 
bactericidal mechanism can not be expected to explain 
the spectrum of acquired abnormalities which have been 
observed. Bacteria have been noted to multiply within 
burn neutrophils, associated with an arrest of the bacteri- 
cidal mechanisms after one hour, to produce an intracel- 
lular infection. While inside leukocytes, the bacteria are 
protected from the lethal or inhibitory effects of anti- 
biotics. 

From our clinical and laboratory observations during 
the past five years and from the supporting evidence 
provided by other investigators, we advance the hypoth- 
esis that abnormalities of neutrophilic function appear 
to be the most important variable of immunological de- 
fense relating to the development of opportunistic in- 
fections in man, 
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Discussion 


Dr. Bas A. PRurrr, Ja. (San Antonio): We at the Army Burn 
Unit have been interested in these same changes, because sepsis 
continues to be the most. common cause of death in our burn pa- 
tients. We have followed the changes in circulating granulocytes 
in a laboratory rat burn model, both infected and uninfected; 
and following early deiargination in the uninfected bum, total 
circulating granulocytes return to approximately normal levels. 


However, with the infected model there is a persistent granulocytic. 


defect. 

If one further looks, as shown ori the following slide (slide), 
at both the dividing and the nondividing compartments, one can 
see that in the uninfected animal the subsequent restitution of 
granulocytes is due to a marked increase in the dividing com- 
partment, whereas in the infected animals there is a persistent 
decrease in both the dividing and the nondividing compartments. 

I ask Dr. Alexander: Can you separate out a specific granu- 
locytic defect from the effect of a progressively older average 
aged leukocyte? 


PreswENT Moore: I would like to ask Dr. Alexander a ques- 
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tion. Has he examined the effect of antibiotics themselves on this 
particular leukdcytic activity? 


: Dr. J. WESLEY ALEXANDER (Closing): To answer Dr. Pruitt’s 
question first, we .have not been able to relate the apparent age 
of neutrophils to their function, although we do not feel. that we 
have been able to study this with sufficient clarity to really define 
whether or not abnormalities may be associated with immature 
granulocytes. — i 

There have been some studies reported in the past in patients 
with myelocytic leukemias in which there is evidence that stages 
before the metamyelocyté ate inefficient in, bacterial killing, but 
once the stab form is reached, they can kill efficiently. | 

In our studies on either burn patients or controls we have not 
been able to establish a relationship between segménted and non- 
segmented ratios and their efficiency of bacterial killing, 

To Dr. Moare's question about the effect of antibiotics on. this 
important mechanism, we have done several studies.in experi- 
mental animals which would indicate that antibiotics, in themselves, 
do not cause an inefficiency of ue by the neutrophils. How- 
ever, they do cause many other problems, and we feel that the 
use of prophylactic antibiotics in patients who are susceptible to 
opportunistic infection should be rigidly avoided. 
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Alterations in Cellulär Membrane Function During 


—— Shock in Primates 
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iks EFFECT OF hemorrhagic shock on the functional 
integrity of the cell membrane is currently under 
active investigation in many areas. The analysis of 
changes occurring on a cellular level in association with 
a low flow state has previously been limited by the lack 
of technics for directly assessing the regulatory function 
of the cell membrane. As a resült, present data consist 
largely. of information: obtained through implementation 
of indirect methods for. evaluation of altered cellular 
function.19.2021 More recently, however, the availability 
of accurate. methods for diréctly monitoring physiologic 
changes occurring at a cellular level has allowed a mofe 
lucid interpretation of alterations in transport occurring 
in hemorthagic shock.*5946:7 

The current use of ultramicroelectrodes to monitor 
transmembrane potential difference (PD) has proven 
to be an extremely useful. technic in accurately apprais- 
ing cell membrane function in response to hemorrhagic 
shock.55939 The use of microaspiration technics to 
evaluate ionic changes in tlie interstitial fluid bathing the 
cells has provided further evidence of inipaired cellular 
transport in shock and such findings correlate well with 
measurements of PD in similar states.%17 

The present study was undertaken to further define 
the effect of hemorrhagic shock on tlie ability of the cell 
membrane to regulate the interchange of materials be- 
tween 'the cell and its environment. The "reversibility" 
of such shock preparations was defined by monitoring 
changes in cell function following resuscitation. Measure- 
ments of PD and an analysis of fluid and electrolytes in 
skeletal muscle and extracullar fluid were employed to 
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directly assess these functional changes. These findings 
were correlated with data obtained by more classical 
indirect methods and further delineate the concept of a 
reversible alteration in membrane transport and are con- 
sistent with an in vivo swelling of skeletal muscle cells in 
response t5 severe hemorrhagic shock, 


Methods and Materials 


Non-splenectomized adult baboons (Papio Sp.) weigh- 
ing 12:27 Kg. were arlesthesized initially with a combi- 
nation of :ntravenous Sernylan (1 mg./Kg.) and Pento- 
barbital (5 mg. /Kg. ) and maintained on small doses of 
Pentobarb‘tal throughout the experiment to achieve a 
constant level of anesthesia. Tracheostomy was per- 
formed. Polyethylene catheters were used to canriulate 
the ferhorel artery of one. leg and fernoral vein of the op- 
posite limb. Arterial pressure was constantly monitored 
on à Sariborn recorder connected to the femoral artery 
cannula tkroi:gh a pressure trarisducer. Blood samples 
for all analyses weré obtained from the. femoral artery 
cannula and all injections weré given through the femoral 
vein catheter. 

Each animal was studied throughout a standard 3-hour 
control period and then following induction of hemor- 
rhagic shock. Arterial pressures of 60 mm. Hg systolic 
were dchieved during the first 8-10 minutes of hemor- 
rhage and subsequent hemorrhage i was carried out as 
needed to maintain this level of hypotension. Care was 
taken to avoid hemorrhage in excess of 25-30% of calcu- 
latéd blooc volume in order to obtain a prolonged severe 
shock preparation. 

Serial determinations of skeletal muscle PD as well 
as blood pressure, pulse, and respiration were recorded 
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‘icine control and hemorrhagic shock intervals. Arterial 
blood samples and muscle biopsy specimens for elec- 
trolyte and fluid analysis were obtained during the con- 
trol period and near the end of the shock period, ap- 
proximately 5 hours following hemorrhage. 

Skeletal muscle membrane potential (PD) was ob- 
tained in a manner similar to that previously described 
by impalement of individual skeletal muscle cells with 
standard Ling electrodes.t*?+5.91619 Electrodes were 
prepared from borosilicate glass capillary pipettes pulled 
to a tip diameter of approximately 0.2 microns and 
filled under vacuum with a solution of 2M. KCI-0.5 
M KNO;. Each electrode was housed inside a thin bore 
# 18 hypodermic needle and mounted on a movable rack 
and pinion to allow percutaneous insertion into the.an- 
terior muscle mass of the upper thigh or ariterior tibial 
compartment of the baboon's hind limb (Fig. 1). Care 
was taken to obtain membrarie potential recordings from 
the limb in which no arterial cannulation’ had been per- 
formed. After musele: Ludo d .Was accomplished, the 
electrode tip was gradually ; advanced with a microma- 
nipulator so that PD was obtained by successive impale- 
ment of individual muscle cells (Fig. 1). Prior to use, 
electrodes were connected tq the high impédance : side ôf 
a circuit through a KCL bridge and balanced to Zéro po- 
tential against a standard calomel electrode on the low 
impedance side of the gifodit. The tip of the calomel 
electrode was in electrical contact. with the skin of the 
animal via a potassium phosphate buffer solution. (K* 
~150 mEq/L). This was made possible by a plastic 
cylinder each could be strapped to the anterior sur- 
face of the animal’s abdomen (Fig. 1). 

Open Biceps brachii muscle biopsies were performed 
by excising 1.5-2.5 Gm. of lean muscle mass. Opposite 
extremities were selected for control and post hemor- 
rhage sampling sites. Paired muscle samples were imme- 
diately transferred to tared pyrex tubes, sealed with 
caps, and placed in a dessicator for 2 hours prior to de- 
termination of wet weight. Utilization of a wet ashing 
technic rather than a dry method was determined to 
produce the most complete extraction of muscle elec- 
trolytes. Three cubic centimeters of 10% acetic acid were 
added to one group of wet muscle samples. Muscle elec- 
trolytes were leached out by shaking the acetic acid sus- 
pended wet residues for 72.houts and then autoclaving 
the samples for 30 minutes (18 psi, 120°C). Sodium and 
potassium concentration in serum and muscle extracts 
were determined by an Instrument Laboratory flame 
photometer. Chloride concentration was measured by a 
Cotlove chloridometer. Serum pH, Peco, and Po, were 
determined by use of an Astrup gas analyzer. Fat free 
dry weight and % water of the matching muscle samples 
were determined in the following manner: After weighing 
(wet), samples were dried under vacuumi at room tem- 
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Fic. 1, Microelectrode holder, manipulating unit, and reference 
calomel electrode unit in the baboon. 


perature for 12 hours and then for 24 hours at 70° to a 
constánt dry weight. The dried samples were pulverized 
and fat removed by petroleum ether extractions. Fat free 
dry solid weight was determined after a final period of 
drying under vacuum at 70°C for 24 hours. 

Five animals were additionally studied, for: ' purposes 
of determining the degree, of reversibility of the sus- 
tained shock preparation déscribed above. After com- 
pletion of the previously described studies during control 
and hemorrhagic shock states, resuscitation was carried 
out by the administration of whole blood and intrà- 
venous balariced salt solution. Serial measurements öf 
PD and blood pressure were obtained during initial 
resuscitation and for several days thereafter. Skeletal 
muscle biopsies and plasma samples were analyzed for 
fluid. and electrolyte distribution at similar time inter- 
vals following resuscitation: 

The distribution of water and E in intra- 
and extracellular phases was calculated on. the basis of 
chloride space as an estimate of extracellular fluid 
voluihe. As predicted by the Nernst equation, the dis- 
tribution of chloride in intra- and extracellular , ,com- 
partinents was considéred to be a passive phenomena 
related to the measured resting potential of skeletal 
muscle (26). The partition of intra- and extracellular 
water ànd electrolytes was calculated in the following 
mannet: 


Cl 
PD = —61.5 log Gi = (1) 
Oj ee eee (1a) 
antilo — 
E 5 —61.5 
where: 
PD = measured resting potential of skeletal muscle 
Cl, = concentration of plasma water chloride 


CI,” = concentration of intracellular water chloride 
(calculated from the Nernst equation) 
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Total sample chloride = extracellular water chloride + Taste 1. 


intracellular water 


chloride (2) 
= (ECW)(CI,) + 
(ICW)(CI; ) (2a) 


= (ECW)(CI,) + (Total 
sample water 





—ECW)(CI,) (2b) 

where 
ECW = extracellular water 
ICW = intracellular water 
Intracellular Na* 

_ total muscle Na* — (ECW)(N2" sow) 

* ICW 
Intracellular K* 

., total muscle K* — (ECW)(K* now) 





ICW 


The concentrations of Na’, Kt, and CF in ECW were 
calculated from their plasma concentrations correcting 
for plasma water of 0.94 and the following Donnan 
factors: Na* 0.99, Cl 1.01.28 


Results 


Sustained hemorrhagic’ shock as previously defined 
was produced in 22 animals. Figure 2 depicts the changes 
in blood pressure and PD noted to occur in response to 
sustained hemorrhagic shock in a typical animal (Ba- 
boon #5). The observed parallel between the fall in 
blood pressure and occurrence of membrane depolariza- 
tion in response to severe hemorrhagic shock is well 
established and resembles the relationship described 
previously in other studies,*59:16 

Table 1 compares the average values for resting niuscle 
membrane potential and calculated water partitions in 
muscle biopsy samples obtained in both control and 
shock states, PD averaged —90 + 5.8 mV during the 
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Fic, 2. Changes in muscle membrane potential and blood pres- 
sure in response to hemorrhagic shock. 
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Resting Membrane Potential and Water Partition in 
Ske:étal Muscle During Control and Shock States 








P.D. Total Water* ECW* ICW* 
Preshock —90.0 mv 0.313 0.037 0.275 
+ 5.8 mv +0.016 +0.007 +0.017 
Shock —60.9 mv 0.311 0.019 0.292 
+ 8.1 mv +0.017 +0.009 +0.020 

% Change ~32% ~0.6% —49% +6% 





* in L/£00 g FFDW 


control period. Following the onset of sustained hemor- 
rhagic shock, membrane depolarization occurred and PD 
reached a mean level of —60:9 + 8.1 mV. Sustained de- 
polarization occurred at an average time of 186 minutes 
after the onset of hemorrhage and represents a 32% de- 
crease from control levels. Based on calculated chloride 
distributor at the time of sustained membrane depolari- 
zation, there concomitantly occurred at a 49% decrease in 
muscle ECW and a 6% increase in muscle ICW. As 
suggested ky prior studies, no significant change was 
noted in the total water content of skeletál muscle sam- 
ples during prolonged shock despite the above men- 
tioned redistribution of intra- and extracellular fluid 
volumes. 

Concomitant with membrane depolarization, hypoten- 
sion, and a decrease in total or muscle ECW in prolonged 
shock, there were additionally noted marked alterations 
in plàsma and muscle electrolyte concentrations. Table 
2 summarizes these differences. As expected, serum po- 
tassium concentration increased significantly after pro- 
longed shock (3.1 mEq/L to 6.82 mEq/L) in associa- 
tion with a 10 mEq/L (6%) decrease in ICW potassium 
concentration. ECW concentrations of sodium and 
chloride did not significantly change following prolonged 
hypotens:on. 

Sodium: concentration in ICW increased significantly 
from control levels of 9.9 mEq/L to shock concentra- 
tions of 18.4 mEq/L (+85%). Calculated intracellular 
chloride ‘ncreased 185% during the same interval (3.9 
mEq/L to 11.1 mEq/L). It is important to note that the 
internal redistribution of ions following prolonged shock 
(as depicted in Table 2) was not accompanied by a 


Extracellular and Intracellular Electrolyte Composition 
During Control and Shock States 


TABLE 2. 


Extracellular Composition Intracellular Composition 








(mEq/L) (mEq/L) 

Mat Kt Cr Nat K* Cr 
Preshock 146.2 3.1 112.8 9.9 172.6 3.9 

“4.6 +404 *3.5 42.1 +48 +0.9 
Shock 156.0 6.82 112.1 18.4 162.0 11.1 

$8.3 43.0 +4614 +5.0 +12.8 2.5 
% 
Change —6% +118% —0.6% +85%  -—6% +185% 
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TABLE 3. 
Content During Control and Shock States 














p Na* K* CI* H.0** 
Preshock 8.03 47.81 5.19 0.313 
+0.79 +2.32 +0.64 +0.016 
Shock 8.40 47,59 5.43 0.311 
+1.33 +4.88 +0.81 +0.017 
95 Change +5% —0. 4% +5% —0.6% 

* mEq/100g FFDW 

**L/100g FF DW 


change in total electrolyte content of skeletal muscle. 
Table 3 illustrates these values obtained for total elec- 
trolyte content in skeletal muscle during contro] and 
shock intervals, When expressed as mEq/100 Gm. of fat 
free dry solid weight, the values for sodium, potassium, 

.— and chloride do not significantly differ in control and 
shock states. 

Figure 3 depicts the changes in membrane potential, 
intracellular sodium concentration, and extracellular 
water in skeletal muscle which occurred following pro- 
longed hemorrhagic shock. The data indicate a marked 
diminution in ECW and a significant rise in intracellular 
sodium concentration in association with prolonged 
hypotension and muscle membrane depolarization. 

In the five animals studied following resuscitation from 
hemorrhagic shock, the previously mentioned parallel 
between changes in PD and blood pressure was again 
noted. Control PD averaged —92.0 + 1mV and changed 
to —65.0 + 3.4 mV following sustained hemorrhagic 
shock. Adequate resuscitative efforts produced a reversal 
of these changes such that PD returned to normal levels 

T (—890 + 1.0 mV) initially and remained unchanged dur- 
ing the next several days (Fig 4). As expected, the 
changes noted in muscle extracellular water and intra- 
cellular sodium concentration in this group of animals 
were similar to the group previously described. How- 
ever, following resuscitation, the abnormalities in intra- 
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Fic. 3. Changes in membrane potential, ECW, and intracellular 
Na* in response to hemorrhagic shock. 
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Fic. 4. Changes in membrane potential and blood pressure 
during hemorrhagic shock and following resuscitation. 


cellular sodium concentration and muscle extracellular 
water produced by the hemorrhagic shock process re- 
versed. As illustrated in Figure 5, intracellular sodium 
concentration had risen during the shock period to 15.3 
mEq/L, a value almost twice the control. Following 
resuscitative efforts, intracellular sodium concentration 
fell to extremely low levels (4.36 mEq/L ICW) and 
over a several day follow-up, returned to essentially 
normal levels. Extracellular water in skeletal muscle 
decreased significantly during shock in this group of 
animals, but following resuscitation, returned to normal 
levels and remained so over the next several days. 


Discussion 


The data outlined in these experiments confirm the 
existence of an altered physiologic function of the cell 
membrane of skeletal muscle cells as a result of the low 
flow state produced by severe prolonged hemorrhagic 
shock. An assessment of cellular function and composi- 
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Fic. 5. Changes in membrane potential, ECW and intracellular 
Na* follcwing resuscitation from hemorrhagic shock. 
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tion as well as tissue water partition in control and shock 
states was accomplished by use of direct methodology 
employing measurement of skeletal muscle transmem- 
brane potential and simultaneous analysis of skeletal 
muscle biopsy samples. 

The data obtained from prior experiments support the 
use of transmembrane potential measurements as an 
accurate indicator of cellular alterations resulting from 
the low flow state of hemorrhagic shock. Severe hypo- 
tension is associated with a depression of PD which is 
sustained in the presence of a continued shock 
State, $59.16 

Transmembrane potential difference is generally 
agreed to be the result either of an electrogenic sodium 
pump (with active outward extrusion of sodium from 
muscle cells by a redox system) or a coupled sodium- 
potassium exchange pump with diffusion of sodium and 
potassium down their respective chemical gradi- 
ents,^1518 In the latter theory, the relative permea- 
bilities of the membrane to the two ions must be con- 
sidered and the potential interpreted on the basis of the 
Hodgkins-Katz-Goldman equation in which pNa* (rela- 
tive sodium permeability) is 0.01. Since potassium per- 
meability is assumed to be much greater than sodium 
permeability in the cell membrane, the PD is essentially 
a potassium diffusion potential. 

In the present studies, it is necessary to consider both 
of the above theoretical mechanisms in evaluating the 
depression of PD observed following hemorrhagic shock. 
Hemorrhagic shock might thus lower PD by (a) in- 
hibition of an electrogenic redox pump, (b) inhibiting 
the coupled ion-exchange pump with a resultant decrease 
in potassium concentration across the membrane, or (c) 
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Fic. 6, Lack of agreement between measured and predicted mem- 
brane potential in control and shock baboons. 
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by increasing the relative permeability of the cell mem- 
brane to sodium. 

These theoretical possibilities were tested by measur- 
ing PD and analyzing plasma and skeletal muscle sam- 
ples in control and hemorrhagic shock animals (Tables 
1, 2 & 3). In preshock animals, intracellular K* was 
172.6 mEq/L and intracellular Na* 9.9 mEq/L of in- 
tracelluler water. Substitution of these values into the 
Goldman equation (assuming a pNa* of 0.01) produces 
a predicted PD of —98 mV. This value is in fair agree- 
ment wita the actual measured value of —90.0 + 5.8 mV. 
On the dther hand, during the interval of sustained 
hypotens:on, membrane potential was severely de- 
pressed. Intracellular potassium concentration was only 
slightly cecreased (162.0 + 12.8 mEq/L) while intra- 
cellular sodium concentration doubled (184 + 5.0 
mEq/L). If these values are substituted into the Gold- 
man equetion in the previous manner, there is a marked 
disparity in measured and predicted potential. The pre- 
dicted potenzial is —81.0 mV while the actual measured 
potential is —60.9 + 8.1 mV. Figure 6 illustrates the 
differences between the original Nernst equation re- 
garding PD strictly as a result of potassium diffusion, 
and the Coldman equation which includes relative mem- 
brane permeability to sodium as an additional factor in 
producing resting potential. As illustrated by the middle 
black line, the Goldman equation, which accurately pre- 
dicts the measured potential in control animals, greatly 
overestimates actual measured potential of animals in 
sustained shock, as is observed by the fact that the 
measured potentials in shock animals do not follow along 
the predicted line. The disparity between measured and 
predicted PI^ and shock is associated, in addition, with 
a depression of intra- extracellular potassium ratios when 
compared to the control state. This change in potassium 
ratios is not sufficient to explain the depressed shock po- 
tential. Such a change in potassium ratios could be 
caused by several mechanisms. First, the primary in- 
hibition o? an ion-exchange mechanism might result in 
an extracellular increase in potassium concentration and 
an intracellular accumulation of sodium. In this case, 
membrane potential depression should follow the de- 
crease in chemical gradients for sodium and potassium 
created br the initial depression of the neutral ion-ex- 
change pump. However, this possibility can be excluded 
on the basis of prior studies performed on hemorrhagic 
shock animals which have demonstrated that depression 
in membrane potential precedes any change in intra- 
extracellular potassium ratios by 1 or 2 hours. This 
phenomenon is illustrated in Figure 7 by data obtained 
from control and hemorrhagic shock rats. In these ani- 
mals, the depression of PD to significantly low levels: 
after severe hemorrhage is followed, at a much later 
time, by a rise in interstitial potassium to approximately 
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18 mEq/L and an obvious decrease in intra- extracellular 
potassium ratios? Also illustrated in these same studies 
is the fact that serum potassium may not be representa- 
tive of true extracellular potassium concentration in 
shock. As depicted in Figure 7, serum potassium, after 
2 hours of hemorrhage, has risen slowly from 3.4 to 6.7 
mEq/L while interstitial fluid potassium has risen dis- 
proportionately from 4 to 18 mEq/L. It is likely that 
a similar change is occurring in the shock preparations 
of the present study. 

If a transposition of these data is made to the present 
study, substitution of such elevated extracellular potas- 
sium values for serum values results in a lower intra- 
extracellular potassium ratio in shock, as illustrated by 
the square in Figure 6. This change in potassium ratio 
shifts the previously mentioned measured potentials 
to the right so that measured and predicted PD are 
identical in shock. This finding correlates with the de- 
gree of membrane depolarization and associated potas- 
sium shifts predicted by the Nernst or Goldman equa- 
tions. This observation would be most consistent with 
selective depression of an electrogenic pump resulting 
in membrane depolarization and potassium shifts in ac- 
cordance with the Nernst or Goldman prediction. Similar 
changes have been suggested by Welt and others study- 
ing conditions of impaired transport.56.8.9,10,11,12,24,25 

A fina] explanation for the combination of low PD and 
high intracellular sodium in sustained hemorrhagic shock 
is a selective increase in cell membrane permeability to 
sodium. Assuming that the transmembrane concentration 
gradients of sodium and potassium created by a non- 
electrogenic (ion-exchange) pump are responsible for 
generating the PD, it would be necessary to increase the 
value of pNa* from 0.01 in control animals to 0.057 in 
the shock animals to account for the measured values of 
PD in this study. As depicted by the lower curve in 
Figure 6, it is obvious that this 6-fold increase in mem- 
brane permeability to sodium could shift the original 
Goldman curve down such that measured and predicted 
potentials are comparable. This concept of a selective 
increase in sodium permeability is less likely to be re- 
sponsible for the observed depressions of membrane po- 
tential in this study, due to the fact that potassium ratios 
did change. In other words, a selective increase in the 
cell membrane permeability to sodium, while shifting 
the Goldman curve down, should not alter the intra- 
extracellular ratios of potassium. Thus, the fact that 


_ intra- extracellular potassium ratios in control and shock 


preparations in this study are markedly different, sug- 
gest that pure inhibition of an electrogenic sodium pump 
is the most likely explanation for the findings. 

According to Wilde, chloride is passively distributed 
across the cell membrane in accordance with the PD. 
In the present experiments, intracellular chloride in- 
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Fic. 7. Alterations in membrane potential and extracellular 
tassium in hemorrhagic shock. 


po- 


creased 3.9 to 11.1 mEq/L while sodium concentration 
increased from 9.9 to 18.4 mEq/L inside the cell. These 
changes occurred concomitant with a 6% increase in 
intracellular water and are consistent with pre-existing 
direct and indirect data suggesting that cellular swell- 
ing occurs in the shock state.*5913.14,17,20,21 

A more indirect assessment of changes occurring in 
the shock state was achieved by the simultaneous use 
of volume distribution curves of sulfur 35 labeled sodium 
sulfate to detect alterations in the size and functional 
state of the total extracellular fluid compartment during 
shock: These data will be detailed in a subsequent re- 
port. The data obtained by both direct and indirect 
methods ‘tend to support each other in the prediction 
that major physiologic alterations occur at both intra- 
cellular and extracellular locations as a result of pro- 
longed hemorrhagic shock. 

The present data suggest then that skeletal muscle 
cells may be a major site of fluid and electrolyte seques- 
tration following severe, prolonged hemorrhagic shock. 
Adjunctive studies by Grossman et al. suggests that simi- 
lar changes in the intracellular mass of neurons in the 
brain also occur in response to hypovolemic shock. 
Furthermore, an increase in cellular water content of 
both cellular and connective tissue components follow- 
ing hemorrhagic shock has been demonstrated by Slonim 
and Stahl?? Fulton has suggested that connective tissue 
may be the site of some sodium and water sequestra- 
tion.i* 

Previously cited shock models have predicted that 
such cellular swelling following hemorrhage is respon- 
sible for the decrease in extracellular water which fol- 
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lows. It is suggested from the data outlined in these and 
other studies that this phenomena does occur and is a 
result of the cumulative effect of the internal redistribu- 
tion of electrolytes and water in many different tissues of 
which skeletal muscle is a major component. 


Summary 


The analysis of changes occurring on a cellular level 
in association with hemorrhagic shock has previously 
been limited by the lack of technics for directly assessing 
the regulatory function of the cell membrane. The pres- 
ent study utilized the direct measurement of skeletal 
muscle transmembrane potential and an analysis of fluid 
and electrolyte content of muscle samples to detect re- 
versible alterations in cell membrane transport cecurring 


in hemorrhagic shock. The data obtained i study 
indicate a marked diminution in extrac 4 ater 
(both total ECW and muscle ECW) anc "cant 
increase in intracellular sodium concentrati ycia- 
tion with prolonged and sustained musci: rane | 
in vivo 


depolarization. These changes were rever:.c 
following the institution of adequate rox seit tive meas- 
ures. 

The present studies indicate the existence of a major 
alteration in cell membrane function in skeletal »nuscle 
cells following hemorrhagic shock. Transmembrane po- 
tential difference appears to be the most «'gnifcant in- 
dicator of such alterations in membrane fiction. while 
changes in intracellular sodium as well a: iiv. extra- 
cellular potassium ratios occur after a perio’ of rustained 
membrane depolarization. l 

The exact mechanism for the production ^f “i:ctrolyte 
changes as well as the marked diminution in e«':ncellular 
water which occurs following hemorrhagic shock is not 
kriown. It appears that they may well represent a reduc- 
tion in the efficiency of an active ionic pump mechanism 
or a selective increase in muscle cell membrane per- 
meability to sodium or both. 
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Discussion 


. Dr. Armon E. Baue (St. Louis): This very excellent study by 
Dr. Shires and his group, adds considerable support to the con- 
cept that cells swell under adverse circumstances and particularly 
with prolonged or severe shock. . 

: Dr. Shires has measured membrane potential in vivo. We have 
measured cell membrane transport directly, but at the present time 
this can only be.done in vitro. I would like to present briefly some 
data which strongly support Tom Shires’ thesis. : 

(Slide) Liver slices from a normal rat, when. cooled, will take 
up sodium; as shown in the left column, sodium goes up as the 
tissué is cooled, and this sodium is going into aie Active cell 
processes are stopped by cooling in tissue from a normal animal. 
When the tissue is rewarmed, the pump is activated, and sodium 
is progressively extruded. The sodium content decreases. Tissue 
from an animal in late shock has lost this capability. Sodium goes 
up with cooling, but when the tissue is rewarmed the sodium 
pump is not activated. Sodium is not extruded. Thus the sodium 
pump is not working. . 

(Slide) The reverse of this occurs with potassium. Potassium 
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is lost with ‘tooling. The high level in normal tissue decreases with 
cooling, and then with rewarming potassium is reiricorporated, or 
taken up, by the cell. In the tissue fróm an animal in shock this 
does not happen. Thus, the sodium-potassium puinp, in this tissue 
is not working effectively with shock. . 

This. adds further evidence for Dr. Shires’ concépt that the 
active portion of the Na-K: pump is not working with severe pro- 
longed shock. Unfortunately, the methodology for measuring the 
magnitude of such changes in man at the present time still eludes 
us. 


Dr. G. Tom Sims (Closing): Dr. Baue's work has been going 
along.simultaneously with oürs, and I think we are at least ending 
up with the same common denominator; and that is, tliere is re- 
markable interference with energy exchange in response to shock. 

Some of the previous problems have been related to indirect 
technology and the tracer substance, and it certainly appears that 
when one can use dn endogenous tracer: to measure extracellular 
and intracellular partitio, such as chloride, one feels more con- 
fident about the results, 


Direct Measurement of Insulin Secretory Rate: 


Studies in Shocked Primates and Postoperative Patients 


HE STATUS of insulin and glucose metabolism iri shock 
T: uncertain: There appear to be significant species 
variations and the many studies on the subject are often 
contradictory. The general subject has considerable im- 
portance because of our lack of knowledge concerning 
appropriate substrate and hormonal needs of shocked 
patients. Indeed, very high doses of insulin in combina- 
tion with glucose and potassium are being given in some 
centers at the present time!" and the basis for this 
therapy must be put on solid ground before given general 
acceptance. Otherwise if the technie is applied on a 
widespread basis it is very likely that the morbidity and 
mortality from hypoglycemia will exceed the therapeutic 
benefits. 

No previous studies on glucose and insulin metabolism 
have included measurements of true insulin secretory 
rate (ISR), although it is well known that peripheral 
blood levels of a hormone may not give an dccurate re- 
flection of actual secretion by the gland. This is par- 
ticularly true in the case of insulin, which is secreted 
into the portal venous system and which is affected by 
the liver interposed between the portal and peripheral 
venous systems. Finally, insulin resistance, known to oc- 
cur in severe stress states ! including hemorrhagic shock, 
is an additional fáctor making uncertain the assessment 
of insulin secretion on the basis of peripheral blood 
levels. 

The purpose of these studies is to determine the en- 
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dogenous responses of insulin and glucose to hemor- 
rhagic shock, utilizing a monkéy shock model developed 
in our laboratories. In addition, the pancreatic secretion 
of insulin in response to an exogenous load of glucose 
was measured. In order to achieve these objectives, we 
have developed a technic for directly measuring ISR. 
Our initial efforts involved the injection of [151 labelled 
insulin into the portal vein as a single bolus, with 
measurement of labelled and unlabelled insulin concen: 
trations in -he peripheral blood for the next several 
minutės. The assumption was that the hot insulin injected 
into the portal vein would mix with cold insulin coming 


_ from the pancreas, and that these changes would be re- 


flected in some form of the peripheral blood ratio of 
labelled and unlabelled insulin. Extensive studies utiliz- 
ing this technic, and much time spent on the mathemati- 
cal models which resulted, have led us to conclude that 
this method is not only insufficiently accurate, but open 
to serious errors under conditions of changing blood flow 
and alteratians in body fluid compartments. 

Accordingly, a new, method based upon the determi- 
nation of portal blood flow by the constant infusioh of 
para-amino-hippurate into the portal vein was developed 
and has turned out to be effective and reliable in dogs, 
inonkeys, and more recently, human patients. This paper 
describes our technic of measuring ISR, presents data on 
ISR in monkeys subjected to hemorrhagic shock and out- 
lines initial experiments on postoperative patients. These 
studies are the first in which ISR has been measured in 
the human. 
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Methods 


— (1) Monkey Shock Studies 


Experiments were performed on 10 anesthetized male 
and female adult rhesus monkeys weighing 4.2 to 6.3 Kg. 
which had been fasted 12 hours prior to study. The 
monkeys were premedicated with phencyclidine hydro- 
chloride (Sernylan*), mg./Kg. and maintained with 
pentabarbital sodium (Nembutalt) 10 mg./Kg. sup- 
plemented as necessary. All animals were intubated and 
breathed room air without ventilatory assistance. 

Polyvinyl and silastic catheters for blood sampling 
were placed at the following sites: 1. the common portal 
vein via the splenic vein, 2. the inferior vena cava via the 
femoral vein, 3. the femoral artery for sampling and 

... blood pressure monitoring, 4. the inferior mesenteric 
vein for para-amino-hippurate (PAH) infusion. The 
catheter positions were confirmed by inspection and 
patency was maintained by intermittent flushing with un- 
heparinized Ringers lactate and serum albumin. High 
concentrations of heparin have been shown to signifi- 

` cantly alter the insulin immuno assay. 

After 1 hour of constant PAH infusion to achieve tissue 
equilibrium and steady state arterial concentrations, 
baseline samples were taken for glucose, immunoreactive 
insulin (IRI), and PAH, from the portal, inferior vena 
cava and arterial catheters. Five monkeys were then 
rapidly bled to à mean blood pressure of 50 mm. Hg 
and maintained in shock for 4 hours. Volumetric replace- 
ment with serum albumin or further hemorrhage was 
carried out to maintain a constant blood pressure. Portal 

- blood sampling during the rapid bleeding was carried 
out at 0, 1, 3, 5, 7, 10, and 15-minute intervals; thereafter, 
samples were obtained at 20-minute intervals. Arterial 
and systemic venous sampling was carried out at 0 and 
15 minutes, and then hourly. Two hours after shock had 
been induced, an intravenous glucose tolerance test 
(IVGTT) was performed consisting of 0.5 Gm./Kg. of 
glucose infused over 2 minutes into the vena cava. Portal 
and systemic venous sampling for IRI, glucose and PAH 
was carried out at 0, 1, 3, 5, 7, 10, 15, 30, 45, 60, 90, and 
120-minute intervals while arterial samples were ob- 
tained at 0, 15, 60 and 120 minutes. 

Five control animals underwent the same sampling 
protocol but were not placed into shock. At the termina- 
tion of four random studies, right and left portal blood 
samples were obtained for insulin determination. No 

_- Significant concentration differences were observed, thus 

suggesting that in the primate, well-mixed blood exists in 
the portal vein prior to its bifureation into right and left 
branches. 





? Sernylan: Bio-ceutic laboratories Inc., St. Joseph, Missouri. 
"Nembutal: Abbott Laboratories, North Chicago, Illinois. 
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(2) Human Studies 


Advised consent for this study was obtained from four 
patients, two women and two men, undergoing elective 
abdominal surgery (cholecystectomy, vagotomy, and 
pyloroplasty and cholecysto-jejunostomy ). All patients 
denied a personal or family history of diabetes, cirrhosis, 
portal hypertension or known PAH hypersensitivity. 

At operation, the umbilical vein was entered 1919.4 
and its entry into the left branch of the portal vein was 
gently dilated with a #3 Bakes dialator. A #280 polyvinyl 
catheter was inserted for blood sampling and iv fluid ad- 
ministration. A second smaller catheter (PV5) was in- 
serted into a branch of the right gastroepiploic vein for 
PAH infusion (Fig. 1). Both catheters were exteriorized 
and secured in the peritoneal closure and the ends 
brought through a single stab wound. Percutaneous 
radial arterial catheters were placed and used for insulin 
and PAH sampling. Catheter patency was maintained by 
iv fluid administration through the umbilical vein and a 
dilute heparin solution (5 u/cc.) was placed in the arte- 
rial and gastroepiploic catheters. 

Studies were performed on the morning of the first 
postoperative day and no glucose containing solutions 
were administered during the 10 hours prior to the study. 
After catheter patency was checked a 1% PAH solution 
was infused at a steady rate for 2 hours using a Harvard 
Syringe pump (constant arterial PAH concentrations 
were then achieved). This infusion was maintained for 
the duration of the study. After appropriate baseline 
sampling, a standard IVGTT was performed with portal 
and arterial sampling for insulin, glucose and PAH at 
0, 1, 3, 5, 7, 10, 20, 30, 45, 60, 90 and 120 minutes. The 
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Fic. 1. Diagram shows catheter placement in patients into (1) 
the left portal vein via the umbilical vein for sampling and (2) the 
right poop vein for PAH infusion. It should be noted 
that the gastroepiploic vein enters well down in the superior 
mesenteric vein. 
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catheters were then gradually removed over the next 12- 
24 hours and no complications were observed. 


(3) Portal Flow Determination 

Portal plasma flow [portal blood flow x (1-hct.)] de- 
terminátions were carried out in monkeys and postopera- 
tive patients using a PAH dye dilution technic.! This 
miethod is based on the Fick principle and flow is cal- 


culated from the following formula: 
€ 
Boe o (Cw = C,) 


Where 


Fp = Portal Vein Plasma Flow in ml./minute 
I = Amount PAH infused in mg./ml. 

C,, = Portal PAH concentration mg./ml. 

C. = Arterial PAH Concentration mg./ml. 


Flow was also measured directly in monkeys by an 
electromagnetic flow meter which was calibrated over a 
wide range of flow rates.* A comparison of the two tech- 
nics revealed a good correlation except during the period 
of rapid bleeding. During this period (15-20 minutes) 
variable values were obtained from both methods. How- 
ever, once a stable shock state had been achieved the 
PAH method consistently led to values which were ap- 
proximately 80-85% of those obtained by the electromag- 
netic flow meter. 


(4) Insulin Secretory Rate Determination 


‘The ISR is obtained by multiplying the portal vein 
flow by the measured portal-arterial insulin gradient 
from the following formula: 


ISR = Es x [C IRIpy 77 Cin 1l 


where 
ISR = Insulin Secretory Rate in yu/min. 
Fw = Portal Plasma Flow in ml/min. 


Cm, = Portal vein IRI Concentration in yu/ml. 
Cini, = Arterial IRI Concentration in uu/ml 


(8) Assay Methods 


"Blood for glucose was collected in oxalate-fluoride 
tubes while PAH and insulin blood samples were col- 
lected without anticoagulant and stored at 4°C over- 
night. Glucose and PAH determinations were made the 
day after collection whereas serum for insulin was stored 
until assay. A total of 2.5 cc. of blood per sample was 
sufficient for all three assays. _ 

‘Glucose was measured by a glucose oxidase method 
and together with PAH?* were run ina Technicon Auto- 





* Blood. flow transducers: In vivo Netric Systems, Los Angeles, 
California. "Electromagnetic Flowmeter: Statham K-200, Statham 
Industries Inc., Los Angeles, California. 
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analyzer. Serum IRI was Measured by a double antibod 
immunoassav with ?9 the concentrations read from a hu 
man insulin standard curve. 

Standard statistical methods were employed consisting 
of Student ¢ tests and standard errors of the mean wer 
calculated. 


Results 
Monkeys l 

Data from five monkeys in shock are summarized ir 
Table 1. Calculated portal plasma flow shows a signifi 
cant and progressive fall from 185 + 20 to 47 + 6 ml., 
minute (p < 0.01). These figures contrast with calcu: 
lated flows in the normotensive group (Table 2), where 
no significart flow changes were observed. 

An initial fall (Table 1) occurred in peripheral insulir 
concentration 1 hour after shock production [ 48 + 2 tc 
26 + 2 „U/ml. (p < 0.05) ]. This was followed by a rise 
to 63 + 8 (p < 0.05) after 2 hours of shock. No signifi 
cant changes in portal insulin concentration were ob- 
served. during this time and the portal-arterial concen- 
tration gradient as well as the calculated IRS both fel! 
(35 + 6 to 12 + 7 pU/ml. (p < .05) and 4860 to 54C 
pU/min. respectively). A significant hyperglycemic re- 
sponse [68 + 3 to 189 + 11 mg,/100 ml (p < 0.01)] 
occurred during the 2-hour shock period. 

After glucose administration to the shocked animals, 
a gradual but significant elevation occurred in peripheral 
(58 + 10 to 151 + 57) as well as portal (88 + 26 tc 
194 + 51 wU/ml.) insulin concentrations, with peak: 
at 45 minutes. Two hours after glucose administratior 
the insulin concentrations were still elevated over pre 
glucose levels despite a decreased glucose concentratior 
as compare: to the preglucose baseline. The calculatec 
ISR marginally responded to the glucose challenge dur- 
ing shock, reaching a peak of 2591 „U/min. at 10 minutes 
and then falling to 1470 „U/min. at 2 hours. However, 
at no time did the ISR approach the baseline preshock 
level. These results during shock contrast markedly with 
normotensive control animals summarized in Table 2. 
In these normotensive animals, the peripheral insulin 
concentration peak occurred at 10 minutes after glucose 
(25 + 10 to 74 + 27 pU/ml.) while peak portal concen- 
tration (51 + 25 to 165 44 »U/ml.) portal-arterial in- 
sulin gradient (29 += 8 to 110 + 41 »pU/ml.) and ISR 
(2581 to 13970 uU/min.) were observed 1 minute after 
glucose. A] three values gradually return to baseline 
levels by Z hours. Figures 2 and 3 graphically display 
these events. 


Patients 


Table 3 summarizes the IVGTT's, portal flow rate: 
and calculated ISR in four patients during the first post- 
operative day. A small increase in portal plasma flow 
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TABLE 1. Hemorrhagic Shock Monkeys iN = 5) 


Peripheral Venous 











Portal Venous 





Portal-Arterial 

















- Peripheral Venous Insulin Insulin Insulin Portal Plasma Calculated Insulin 
Time Glucose Concentration Concentration Concentration Flow Secretion Rate 
Minutes mg./100 ml. pU / ml. BU /ml. „U/ml. ml. /min. nU/min 
0 68 + 3* 48 + 2 69 + 19 3647 135 — 20 4,860 
Hemorrhage. 

15 89 + 14 28 + 3 57 + 16 29 16 96 + 33 2,184 

60 112 x 15 16 2 32 + 14 746 37 + 8 259 

120 189 + 11 63 + 8 57 + 12 1247 47 + 6 540 

Glucose 0.5 mg./Kg. 

1 369 + 20- 58 + 10 88 + 26 30 + 12 32 = 10 960 

3 451 + 64 71 x 22 101 + 43 30 + 14 960 

5 312 + 12 83 + 32 111 + 41 28 + 10 896 

7 308.3. 17 86 + 28 137 + 55 51 + 22 1,632 

10 288 + 17 91 + 33 155 + 54 81 + 38 2,591 

15 265 + 15 91 + 42 146 + 71 55 + 28 45 + 12 2,475 

30 238 + 23 122 + 61 160 + 61 38 + 18 1,216 

45 226 + 23 151 + 57 194 + 51 mb 4 384 

an 60 196 + 28 136 + 55 185 + 54 46 + 12 32 + 8 1,472 
90 179 + 19 132 + 44 162 + 51 

120 161 + 20 122 + 50 136 + 42 30* 10 49 + 10 1,470 








* Standard Error of the Mean 


This summarizes mean data from 5 monkeys placed in shock (mean blood pressuce 50 mm.ug) for 4 hours. Two hours after the initiation 


of shock IV glucose tolerance test was performed. 


was observed during the first 10 minutes after glucose, 
followed by a gradual decrease during the next hour. 
An early peak was observed 1 minute after glucose 
administration in both portal insulin concentrations [30 
+ 14 to 144 + 55 „U/ml. (p < 0.05)] as well as ISR 
(9,251 to 57,672 »U/min.). A second larger peak oc- 
curred at 10 minutes after glucose administration (Portal 
insulin concentration 178 + 75 »U/min.) and coincident 
ISR (112, 128 ,U/min.). At 1 hour after glucose, corre- 
— sponding with a fall in portal plasma flow, the portal 
insulin concentration rose to 189 + 53 »U/ml. while 


TABLE 2. 





Peripheral Venous 








Portal Venous 


the ISR feli to 54, 908 „U/min. Both portal insulin con- 
centration and ISR were approaching baseline values 
2 hours after glucose. 

Figure 4 demonstrates the ISR correlated with glu- 
cose in one patient on the first postoperative day. A bi- 
phasic ISR response was observed following an IVGTT. 


Discussion 


Marked differences are known to exist in glucose and 
insulin metabolism when various species of experimental 


Normotensive Control Monkeys (N — 5) 





Portal-Arterial 











Peripheral Venous Insulin Insulin Insulin Portal Plasma Calculated Insulin 

Time Glucose Concentration Concentration Concentration Flow Secretion Rate 
Minutes mg./100 ml. nU / ml. uU / ml. „U/ml. ml./min. „U/min. 
0 66 4: 6 32 + 13 34 + 13 29 + 4 107 = 27 3,161 
15 66 + 11 24 + 12 49 + 24 10 6 126 + 19 1,260 
60 68 + 7 31 + 8 54 + 31 20 + 8 104 — 21 2,080 
120 74 3 8 25 + 10 51 + 25 29+ 8 89 + 16 2,581 

Glucose 0.5 Gm./Kh. 

1 338 +: 26 55 + 24 165 + 44 110 + 41 127 + 8 13,970 
3 299 + 16 72 + 14 181 + 28 71+ 21 9,017 
5 261 + 15 73 + 12 107 + 34 76 + 19 9,652 
7 236 + 19 67 + 31 137 + 49 78 + 40 9,906 
10 211 + 10 74 + 27 122 + 38 53 + 11 6,731 
— 15 194 + 12 63 + 20 135 + 36 63 + 14 101 + 16 6,363 
30 148 + 16 54 + 25 112 + 31 61 + 10 6,161 
45 124 + 17 54 + 21 92 + 16 444+ 8 4,444 
60 104 + 16 44 4+ 23 70 + 17 34 + 10 128 + 18 4,352 
90 102 + 17 57 x 14 60 + 20 13 + 4 1,664 
120 103 + 11 44 + 22 70 + 19 27 + 6 92 + 21 2,484 








* Standard Error of the Mean 








This summarizes mean data from 5 normotensive control monkeys. A 2 hour baseline period was followed by an IV glucose tolerance test. 

















NORMAL MONKEYS (N«5) 
400r — i 
| ~~ GLUCOSE 0.5 gm/Ka 
x 
x * 18000 
8 
8 16000 
[n 
8 
3 14000 
$ 
3007 ~ 200; 12000 5 
& 8 
i NS 
ii. > 10000 3 i 
c 17 
NT E" $000 S^" 
AS § Ti s 
SOON 6000 
= 
1 
s —— 
cr gi 2) 2000 
0 oL S 
0 1 2 4 ° 
HOURS 


Fic. 2, Graph shows mean glucose concentration (gray shaded 
area), — and peripheral insulin concentration, and ISR in 5 
normotensive monkeys. À two hour baseline period is followed by 
an IV glucose tolerance test consisting of 0.5 Gm./Kg. glucose in- 
fused for 2 minutes. 


animals are compared. Drucker and his group ? reported 
that dogs subjected to hemorrhagic shock reveal both a 
significant hyperglycemia and a rise in plasma insulin 
early in shock. As shock continued the levels of both 
insulin and glucose declined. Glucose infusion at the 
time of deterioration resulted in a further increase in 
plasma insulin concentration. Another paper by the 
Drucker group?" revealed that femoral venous insulin 
levels remained elevated significantly longer than did 
pancreatic venous concentrations. They concluded that 
in hemorrhagic shock the peripheral venous concentra- 
tion of insulin is an imprecise guide to pancreatic release 
of insulin and suggested that removal of insulin from 
plasma is delayed during shock. 

Other species of animals do not appear to exhibit the 
increase in insulin concentrations in hemorrhagic shock 
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Fic. 3. Graph shows mean glucose concentration (gray shaded 
area), portal and peripheral insulin concentration and ISR in 5 
— placed into hemorrhagic shock for 4 hours. Two hours 





after the initiation of shock an IV glucose tolerance test was per- 
formed. 
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Fic. 4. Graph shows glucose concentration and calculated ISR 

during an IV glucose tolerance test on the first postoperative day 

in 1 female patient. 


TABLE 3. Human First Post Operative Day (N = 4) 
IV Glucose Tolerance Test with Calculated Insulin Secretory Rates 











Peripheral Arterial 


Portal Venous 


Portal-Arterial 














Peripheral Venous Insulin Insulin Insulin Portal Plasma Calculated Insulin 
Time Glucose Concentration Concentration Concentration Flow Secretion Rate 
Minutes mg./100 ml. uU / ml. pU / ml. pU /ml. ml./min. uU/min . 
0 61 + 3* 19 + 13* 30 + 14 11 + 4* 84 + 78* 9,251 
Glucose 0.5 Gm. / Kg. 

1 292 + 50 68 + 20 144 + 55 76 4 17 801 4- 96 57,672 
3 256 + 38 71 + 13 120 + 49 49 + 10 847 + 98 41,503 
5 248 +: 11 39 + 16 119 + 79 80 + 21 809 + 73 64,720 
7 215 + 19 51 4 14 130 + 88 79 4: 15 869 + 88 68,652 
10 207 + 13 50 + 18 178 + 75 128 + 49 876 + 104 112,128 
20 189 + 13 35 + 15 145 + 68 110 4- 20 771 + 82 84,810 
30 162 + 9 66 + 18 134 + 66 68 + 17 674 + 79 45,832 

45 138 + 9 55 + 15 180 + 50 135 + 14 551 + 104 68,875 . 
60 122 + 9 83 + 12 189 + 53 106 + 32 518 + 73 54,908 
90 98 + 10 58 + 16 154 + 36 96 + 24 708 + 151 67,968 
120 70 x: 7 48 + 22 84 + 27 36 + 8 801 + 110 28,836 





* Standard Error of the Mean 





This summarizes mean data from IV glucose tolerance tests on 4 post operative patients. 
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which occur in dogs. Halmagyi and co-workers de- 
scribed no change in serum insulin concentrations wlien 
hemorrhagic shock was produced in sheep. Coran et al.1? 
and Moss et a[9?? both demonstrated a fall in serum 
insulin concentrations following the production of hemor- 
rhagic shock in baboons, despite the appearance of a 
significant hyperglycemia in the animals during the shock 
state. Cryer et al?! demonstrated decreased serum insulin 
concentrations following endotoxin administration to ba- 
boons, despite the appearance of a significant hyperglyce- 
mia. 

Skillman?5 described a significant increase in serum 
insulin concentration at 45 minutes following 15% hemor- 
rhage in healthy human volunteers. Carey and co-work- 
ers,’ on the other hand, found that humans in traumatic 
hypovolemic shock develop hyperglycemia but no sig- 
nifieant increase in serum insulin concentration. 

Our data in normal monkeys reveal a significant in- 
crease in peripheral and portal venous insulin concen- 
trations and a massive increase of ISR following glucose 
administration. Monkeys subjected to hemorrhagic shock 
however, revealed a significant decrease in ISR despite 
hyperglycemia. Both portal blood flow and the portal 
venous-arterial insulin concentration gradient were de- 
creased in hemorrhagic shock and both contributed to 
the decreased ISR measurements. Lerner and Porte?! 
have demonstrated the epinephrine inhibition of insulin 
response to glucose, and we speculate that the absent 
beta cell response to hyperglycemia in our shock monkeys 
is based upon the effect of shock-induced epinephrine 
release on insulin secretion by the pancreas. 

Glucose tolerance tests performed in monkeys sub- 
jected to hemorrhagic shock revealed a significant in- 
crease in both peripheral and portal venous insulin con- 
centrations. However, there was no significant increase 
in ISR despite hyperglycemia and increased venous 
concentrations in both the peripheral and portal vein 
blood. This represents a very clear differentiation of ISR 
on the one hand, and insulin venous concentration on 
the other, and points out the dangers of drawing con- 
clusions concerning pancreatic insulin secretion based 
upon concentration measurements of insulin in either 
peripheral or portal venous blood. Moss and co-workers 4 
measured portal venous insulin concentrations and con- 
trasted them with inferior vena cava values. They found 
that they paralleled one another, although it was not 
possible to predict the exact portal insulin concentration 
based upon the cava values because of individual varia- 
tion. Our findings would indicate that neither peripheral 
nor portal venous insulin concentration measurements 
are reliable under all circumstances as an indicator of 
pancreatic beta cell function. Although they parallel one 
another when the response to glucose is measured in 
normal animals, concentration measurement alone cer- 
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tainly is inaccurate when changes in portal blood flow 
occur. 

We have recently carried out studies on bilaterally 
adrenalectomized monkeys maintained on cortisol in 
the post adrenalectomy period. These animals, when 
subjected to hemorrhagic shock, reveal neither a hyper- 
glycemia nora change in insulin secretory rate. However, 
when given a glucose tolerance test during the shock 
state, adrenalectomized monkeys reveal significant in-. 
creases in not only portal and peripheral venous insulin 
concentrations but also very significant increases in ISR. 
This is in marked contrast to the findings of the pres- 
ent study in which a glucose tolerance test did not lead 
to increased ISR in normal animals subjected to hemor- 
rhagic shock. This is further strong evidence that en- 
dogenously released epinephrine inhibits the pancreatic 
insulin response following hyperglycemia in the intact 
animals. 

Blackard and Nelson have published several pa- 
pers **5 on portal and peripheral vein immunoreactive 
insulin concentrations in humans. Their studies have 
shown a significant positive correlation between portal 
vein and peripheral vein responses to glucose. Erwald 
et al? measured IRI in. both portal and peripheral 
venous blood of patients and found instances in which 
the portal insulin increased, while at the same time 
peripheral insulin decreased. Cerasi, Hallburg and Luft ? 
have simultaneously measured insulin in the brachial 
and portal veins during glucose infusion in normal and 
pre-diabetic subjects. They suggested that an increased 
capacity of the liver to destroy insulin is probably not 
a decisive factor in the decreased and delayed insulin re- 
sponse to glucose in pre-diabetics, and that the release 
of insulin from the pancreas itself is probably defective 
in the pre-diabetic state. Neither the studies of Blackard 
and Nelson nor those of Cerasi et al. or Erwald et al. in- 
cluded measurements of portal blood flow. 

The four postoperative patients described in the pres- 
ent study revealed a very significant ISR stimulation fol- 
lowing glucose infusion, with two peaks of insulin secre- 
tion. We are currently in the process of applying our 
technic for measuring ISR to patients suffering from 
trauma and hemorrhagic shock and our data in monkeys 
indicate that only a measurement of both portal blood 
flow and the portal-arterial venous insulin concentration 
gradient will permit an accurate appraisal of insulin me- 
tabolism in shock, Turner and co-workers ?* have stated 
that since insulin is secreted into the portal vein it is to 
a certain degree destroyed in the liver and that therefore 
no direct estimates of the true insulin secretory rate can 
be made. In addition to the influence of the liver, our 
studies have revealed that in such states as hemorrhagic 
shock massive changes in portal blood flow occur and 
therefore portal blood flow changes also will condition 
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the amount of insulin being presented to the liver. In 
order to further assess the role of the liver in terms of 
endocrine metabolism during shock and trauma we are 
currently involved in studies with hepatic vein, in ad- 
dition to portal vein catheters and simultaneous measure- 
ments of both portal and hepatic blood flow. With ap- 
propriate samplings it will be possible to determine 
complete metabolic patterns for insulin and glucose as 
well as for other hormones. Only when such complete 
detailed and correlative endocrine studies have been 
carried out will the basis have been laid for rational and 
effective therapeutic hormonal manipulation in clinical 
states of shock and trauma. 


Conclusions 


1. A new method for the measurement of Insulin Sec- 
retory Rate has been described and applied to studies of 
monkeys in hemorrhagic shock and postoperative pa- 
tients before and after glucose administration. This 
method is based on the measurement of portal blood flow 
and the portal-arterial concentration gradient. 

2. Hemorrhagic shock in monkeys leads to a signifi- 
cant decrease in insulin secretory rate due to both a 
decrease in portal blood flow and a narrowing of the 
portal-arterial insulin concentration gradient. 

3. Insulin secretory rate has been measured in post- 
operative patients and an early and late peak response 
have been demonstrated following glucose administra- 
tion. 

4. Our data show that assessment of pancreatic beta 
cell function on the basis of peripheral and portal con- 
centrations of insulin may be misleading, especially in 
states of significantly altered portal blood flow. 
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Discussion 


Dr. Wurm Ricardo Drucker (Toronto): I have had the 
opportunity of keeping pretty much abreast of this work with Dick 
Egdahl, my good friend, and I am pleased to be able to discuss 
the paper momentarily with you. 

Perhaps unknown to many of you, there is a fair amount of 
enthusiasm for the use of insulin as a therapeutic modality in the 
treatment of patients with refractory shock—not only hemorrhagic 
shock but cardiac shock and septic shock. Perhaps the leader in 
this field is our colleague, Philip Allison’s son, working in Eng- 
land. Another advocate of the use of insulin in therapy is Cecil 
Fleer, working in Newcastle. Both of these men have excellent 


™ clinical data to suggest that, indeed, there are situations in shock 


when insulin should be used; but I share with Dick Egdahl great 
concern that we might feel that, if some is good, more is better, 
and use insulin indiscriminately. 

Therefore, studies such as Dr. Egdahl has presented this after- 
noon are extraordinarily important to give us a better understand- 
ing of what the basic endocrinologic changes are during shock, 
and thereby provide a more rational judgment as to whether or 
not one should employ insulin in the therapy of refactory shock. 

I believe that Dr. Egdahls report presents an excellent new 
method for studying insulin secretion in primates and, most par- 
ticularly, in man. The method seems to be valid not only in the 


normovolemic state, but after thé man, or animal, has stabilized . 


at a very reduced blood flow. Unlike many methods, this seems 
to be applicable at a very reduced flow. 

From this method, Y believe that the insulin secretory rate is 
being measured. It is interesting that at the same time the sécre- 
tory rate remains stable, the peripheral levels of insulin actually 
rise. To me this would suggest only one general interpretation, 
that there is some decreased utilization or clearance of insulin 
under the stimulus of hyperglycemia. i. 

I would first ask Dr. Egdahl just how he would interpret this, 
and does he know of other data that suggest that the adminis- 
tration of glucose will actually decrease the rate of utilization or 
removal of insulin? i 

There are excellent laboratory studies, some of which Dr. 
Egdahl himself has done, and our group has done some in which 
we have actually measured direct output of insulin from the 

ancreas. It is not a pooled portal sample; it is direct secretion 
rom the pancreas itself. 

‘But under these circumstances, in which insulin is increased 
in dogs under the conditions of shock (work in which Dick hes 
shown clearly that this does nót occur in man or monkeys), in- 
dicates that there is a species difference in this biochemical or 
hormonal response. Therefore, we must be very careful in extra- 
polating work, as many of us know from other studies, from 
animals to man. l f 

We found in our animal studies a very direct correlation be- 
tween the cardiac output and the decreased pancreatic flow. We 
were able to find a marked increase in output of insulin under con- 
ditions of shock, despite a severe reduction in pancreatic flow. 
However, the reduction in flow was directly proportionate to the 


—-decrease in cardiac output, suggesting that there is not splanchnic 


vasoconstriction, at least so far as the portal flow is concerned to 
the pancteas. a 
"Therefore, the next question to Dr. Egdahl: Have you as yet 
done enough work in your primates or in man to correlate the 
reduction in portal flow with the change in cardiac output? We 
have always assumed that there is splanchnic vasoconstriction as 
part of the compensatory, homeostatic response to shock. Does 


this, in fact, occur? We now have a method for studying it. 

Finally, Y would ask Dr. Egdahl where he feels these studies 
will lead in the future. I can see great potential for them and 
would be interested to know what will be the next phase of his 
investigations. 


Dr. Borer (Buffalo): Dr. Egdahl’s report demonstrates 
clearly that the dog is, once again, not an acceptable model of 
shock in man, It demonstrates that the insulin secretion in shock in 
the monkey is both delayed in onset to a glucose stimulus and is 
diminished, Its primary importance is the fact that insulin is the 
rhajor positive anabolic hormone, which demonstrates in a definite 
condition of protein catabolic state, a decreased rate of release of 
insulin, l i . 

The primary importance lies in the fact that it is demonstrated 
to be decreased, and that this decrease is related to the increased 
rate of epinephrine release. This is another part of which I am sure 
we will be hearing a great deal more of in the future: the ways in 
which the hormones interact in their influence of the secretion of 
one by another hormone. 

I must disagree strongly with Dr. Drucker that this has any 

implications as to whether or not insulin is of value in the treatment 
of shock or in the treatment of thé protein. catabolic state. It car- 
ries no such implications. That is an entirely separate question, 
which is, of course, related to this sort of question: Granted a 
normal insulin level even for the hyperglycemia present—which 
does exist—is that an adequate insulin level for cellular metabolism 
in the presence of the increased epinephrine, the increased gluco- 
corticoid, the increased glucagon, et cetera? 
* That is quite a different question from that of the description of 
the normal response to EXER And that question, I believe, needs 
to be investigated extensively. This is one of the bits of mechani- 
cal details and one of the bits of technic that is required for this 
investigation. That is where much of our future lies in controlling 
the protein catabolic response. 


Dr. PauL H. JonpaN, Ja. (Houston): We are all interested in 
insulin, and I would like to ask Dr. Egdahl if he thinks that the 
work by John Howard and his group, which has recently been 

ublished, would in anyway invalidate his measurement of insulin. 

That work demonstrated there was much insulin present in 
pancreatic juice. I think insulin is also found in bile. 

I would like to ask Dr. Egdahl if he thinks that this is a signifi- 
cant route of insulin excretion, so that it might affect his values of 
insulin in portal blood. 


Dr. RicHanp H. EcpAnrL (Closing): Both Dr. Border and Dr. 
Drucker mentioned the use of large doses of insulin, and I should 
emphasize that Dr. Allison has been speaking of 600 or more 
units of insulin per day, 50 units per hour. I have heard through 
the grapevine of some serious complications from this amount of 
insulin and I believe the difference between a controlled clinical 
metabolic environment in which you are doing a study and the 
relatively casual administration of huge amounts of insulin and 
glucose is a very important matter. 

I agree that it differs from the sort of endogenously released 
doses of insulin that we are studying. It certainly may be akin to 
the pharmacological doses of steroids we are using for certain 
shock states; but it is dangerous at the moment to use in other 
than very, very controlled circumstances, and certainly there is 
no clearcut evidence yet that it is effective. Certainly, at the mo- 
ment, I think, the dangers outweigh the thereapeutic benefits. 

' With respect to Bill Drucker’s questions on the peripheral levels 
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and decreased utilization, we feel there is good evidence that not 
only is insulin not utilized, but that the glucose assimilation curves 
which we have done—linear regression lines on glucose in the 
state of shock—show that there is decreased glucose utilization by 
the periphery. i : 
: In answer to the cardiac output question—we have done cardiac 
outputs, and the portal flows do seem to parallel the fall in cardiac 
output in these animals. We, of course, have not measured pan- 
créatic blood flows. This technic does not measure that; it simply 
` measures the amount of insulin put by the pancreas into the portal 
vein as it flows by. l 

Where these. studies will lead—Dr. Drucker asked. We are in 
the process of adding to this preparation a hepatic catheter. In our 
trauma center we have already pulmonary artery catheters that Dr, 
Hechtman puts in, and it is a, very simple matter to add a hepatic 
vein catheter. With the addition of a hepatic vein catheter, you are 
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able to ge: hepatic blocd flow, portal blood flow, hepatic arterial 
flow, and do the total balance of various metabolites. 


Dr: Borler mentioned about the interaction of hormones. I 
might recall that last year Dr. Rutenburg reported before this 
society about the decrease in cyclic AMP concentration in the liver 
that occurs in late shock in rabbits. We are now correlating cyclic 
AMP levels in portal and hepatic blood with the hormones that we 
are measuring. i i 

Finally, :n answer to Dr. Jordans question about the quantita- 
tive aspects of insulin secretion—and we have measured insulin 
in pancreatic juice, as well as in other secretions—most of the 
insulin secreted by the pancreas goes into the blood stream. So my 
answer to that question is that I do not think the pancreatic juice 
is an extremely important route in'the over-all aspects of insulin 
secretion. . 





Introducing the Burdick Compact Coronary 
Care Center designed and developed 
specifically for your budget, limited space, 
and cardiac procedures where unlimited 
mobility, versatility and full 

utilization are vital. 





The Burdick CCCC is many things 
including reasonably priced 


One-Bed ICU Facility 

Five-inch screen monitor with integral Heart 

Rate Meter; automatic-start electrocardiograph; 
patient alarm capability; mounted on mobile stand. 


Mobile Emergency Room 

An emergency-care station on wheels, equipped 
with Cardiac Monitor, HR-meter, DC Defibrillator, 
EK/5 Electrocardiograph and mobile stand. 
Cabinet space for essential drugs and supplies. 





Stress-Exercise Monitoring | 
The value and importance of treadmill 
stress-testing procedures lie in the 

detection of clinically unsuspected or 

"silent" coronary heart disease. Equipment 
required includes the Burdick Coronary 

Care Center plus a treadmill. A 





























Monitoring in Surgery 

The CS/515 Monitor with integral 
heart rate meter provides constant 
coronary surveillance of the 
patient, with provision for auto- 
matic alarm, and can accompany 
the patient to recovery room. 








Mobile Electrocardiograph 

A highly mobile electrocardio- 
graph for general bedside use 
anywhere in the hospital at a 
moment's notice. Solid-state EK/5 
provides new diagnostic capa- 
bility and simplified operation. 
Equip your Burdick Compact 
Coronary Care Center for multi- 
department flexibility that can be 
tailored to your specific needs. See your 
Burdick dealer or write The Burdick 
Corporation, Milton, Wis. 53563. 
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for sepsis and 
[ooneumonias" 


Over the years, Keflin has been, and 
continues to be, a logical choice of surgeons 
for the treatment of sepsis and pneumonias 
with or without septicemia or shock when due 
to susceptible strains of Klebsiella, Escherichia 
coli, and Proteus mirabilis. Pseudomonas is 
resistant; many strains of enterococci, such as 
Streptococcus faecalis, are relatively resistant. 
Keflin is contraindicated in persons who have 
shown hypersensitivity to cephalosporins and 
should be used with caution in patients allergic 
to penicillin. 


The prompt administration of Keflin has 
proved to be useful in the hospital for the 
treatment of sepsis, particularly if shock is 
present or impending. Furthermore, it may even 
be given to: 


e patients with impaired renal function, at 
reduced dosage 


* patients with low host resistance 


» those with coexisting complications, such 
as malnutrition, trauma, and malignancy 


Since the introduction of Keflin, the 
susceptibilities of commonly encountered 
organisms, as measured by in-vitro methods, 
have not changed significantly. 


*due to susceptible organisms 
t equivalent to cephalothin 


Keflin I.V. 


sodium cephalothin 


2 Gm. in 100-ml. ampoule 


IO years of 


clinical 
experience 


Keflin was made available for 
clinical investigation early in 1962 and 
was marketed on September 4, 1964. 
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Please turn page for prescribing information. 


Description: Keflin? (sodium cephalothin, 
Lilly) is a semisynthetic cephalosporin an- 
tibiotic for parenteral use. It is the sodium 
salt of 7-(thiophene-2-acetamido) cephalo- 
sporanic acid. The sodium content is 55 
mg. per Gm. of cephalothin. 


Actions: The bactericidal action of cepha- 
lothin results from inhibition of cell-wall 
synthesis. In-vitro and in-vivo activity has 
been demonstrated against strains of the 
following micro-organisms: 
Staphylococcus aureus (penicillin-sen- 
sitive and penicillinase-producing) 
Beta-hemolytic and other streptococci 
(many strains of enterococci, e.g., 
Streptococcus faecalis, are relatively 
resistant) 
Pneumococci 
Clostridia 
Hemophilus influenzae 
Neisseria gonorrhoeae 
Escherichia coli and other coliform bac- 
teria 
Klebsiella-Aerobacter sp. 
Proteus 
Salmonella sp. 
Shigella sp. 


Indications: Keflin is indicated in the treat- 
ment of serious infections of the respira- 
tory tract, genito-urinary tract, soft tissue 
and skin, gastro-intestinal tract, bones and 
joints, bloodstream, and cardiovascular 
system due to susceptible organisms. Also, 
it has been effective in cases of peritonitis, 
septic abortion, and staphylococcus and 
pneumococcus meningitis. Effectiveness 
has not been established in other types of 
meningeal infection. 

Appropriate culture and susceptibility 
studies should be performed to determine 
susceptibility of the causative organism 
to Keflin. 


Contraindication: Keflin is contraindicated 
in persons who have shown hypersensitiv- 
ity to cephalosporin antibiotics. 
Warnings: IN PENICILLIN-SENSITIVE PA- 
TIENTS, CEPHALOSPORIN C DERIVATIVES 
SHOULD BE USED WITH GREAT CAUTION. 
THERE IS CLINICAL AND LABORATORY EVI- 
DENCE OF PARTIAL CROSS-ALLERGENICITY 
OF THE PENICILLINS AND THE CEPHALO- 
SPORINS. INSTANCES OF PATIENTS WHO 
HAVE HAD SEVERE REACTIONS TO BOTH 
DRUGS, INCLUDING DEATH FROM ANAPHY- 
LAXIS, HAVE BEEN REPORTED. 


Any patient who has demonstrated some W í 


form of allergy, particularly to drugs, 
should receive antibiotics cautiously and 
then only when absolutely necessary. No 
exception should be made with regard to 
Keflin. 


Usage in Pregnancy—Safety of this prod- 
uct for use during pregnancy has not been 
established. 


Precautions: Patients should be followed 
carefully so that any side-effects or un- 
usual manifestations of drug idiosyncrasy 
may be detected. If an allergic reaction to 
Keflin occurs, the drug should be discon- 
tinued and the patient treated with the 
usual agents (e.g., epinephrine, antihista- 
mines, pressor amines, or corticosteroids). 
When Keflin is administered to patients 
with transient or persistent reduction of 
urinary output due to impaired renal func- 
tion, the total daily dose should be re- 
duced. Careful clinical observation and 
laboratory studies should be made, be- 
cause higher and more prolonged sys- 
temic antibiotic concentrations can occur 
(see Administration and Dosage below). 
When intravenous doses of cephalothin 
larger than 6 Gm. daily are given by infu- 
sion for periods longer than three days, 
they may be associated with thrombophle- 
bitis, and the veins may have to be alter- 
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hydrocortisone to intravenous solutions 
containing 4 to 6 Gm. of cephalothin may 
reduce the incidence of thrombophlebitis. 
The use of small I.V. needles in the larger 
available veins may be preferred. 

Prolonged use of Keflin® (sodium ceph- 
alothin, Lilly) may result in the overgrowth 
of nonsusceptible organisms. Constant ob- 
servation of the patient is essential. If 
superinfection occurs during therapy, ap- 
propriate measures should be taken. 

A false-positive reaction for glucose in 
the urine may occur with Benedict's or 
Fehling's solution or with Clinitest® tablets 
but not with Tes-Tape® (urine sugar anal- 
ysis paper, Lilly). 


Adverse Reactions: Hypersensitivity— 
Maculopapular rash, urticaria, reactions 
resembling serum sickness, and anaphy- 
laxis have been reported. Eosinophilia and 
drug fever have been reported as asso- 
ciated with other allergic reactions. These 
reactions are most likely to occur in pa- 
tients with a history of allergy, particularly 
to penicillin. 


Blood—Neutropenia and hemolytic ane- 
mia have been reported. Some individuals, 
particularly those with azotemia, have de- 
veloped positive direct Coombs tests dur- 
ing cephalothin therapy. 


Liver—Transient rise in SGOT has been 
reported. 


Kidney—Rise in BUN has been observed; 
however, some patients with elevated BUN 
at the beginning of cephalothin therapy 
have had values return to normal during 
therapy. 








Local Reactions—Pain, induration, ten- 
derness, and elevation of temperature have 
been reported following repeated intra- 
muscular injections. Thrombophlebitis has 
occurred and is usually associated with 
daily doses of over 6 Gm. given by infusion 
for more than three days. 


Administration and Dosage: /n adults, the 
usual dosage range is 500 mg. to 1 Gm. of 
cephalothin every four to six hours. A dos- 
age of 500 mg. every six hours is adequate 
in uncomplicated pneumonia, furunculosis 
with cellulitis, and most urinary tract in- 
fections. In severe infections, this may be 
increased by giving the injections every 
four hours or, when the desired response 
is not obtained, by raising the dose to 
1 Gm. In life-threatening infections, doses 
up to 2 Gm. every four hours may be re- 
quired. 


Ininfants andchildren,the dosage should 
be proportionately less in accordance with 
age, weight, and severity of infection. Daily 
administration of 50 mg. per Kg. (40 to 80 
mg. per Kg. or 20 to 40 mg. per pound) in 
divided doses has been found effective for 
most infections susceptible to Keflin. 


For additional information regarding 
dosage and administration, see package 
literature. 


How Supplied: Ampoules Keflin9 (Sterile 
Sodium Cephalothin, U.S.P.), equivalent 
to 1 Gm. cephalothin, 10-ml. size, rubber- 
stoppered; equivalent to 2 Gm. cephalo- 
thin, 100-ml. size, rubber-stoppered; 
equivalent to 4 Gm. cephalothin, 50-ml. 
size, rubber-stoppered. [031971] 
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Keflin LV. 


sodium cephalothin 
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Additional information 
available to the 
profession on request. 


7 Eli Lilly and Company 
7 Indianapolis, Indiana 46206 


200699 


The secret 
is in the handpiece! 


New From RELIANCE—A Major-Universal Electrosurgery Unit 
Now, with but one /ead wire and a dual foot switch, the surgeon has 
control over current for pure cutting, blending, coagulation, 

desiccation and fulguration . . . all within the sterile field. 
The secret is in the handpiece. 


The RELIANCE handpieces contain a device which provides the 
desired current. They also serve as the primary return path for unused 
R.F. energy, back through the lead wire and unit to ground. An ancillary 
electrode is a secondary return path, only, thus virtually 
eliminating the possibility of patient burns. 


The New Reliance Electrosurgery Unit provides safety, 
versatility and long life. 
e Four currents. 
€ Power to spare for the most demanding procedures. 
€ Fully rectified and filtered current for optimum 
hemostasis with minimum depth of tissue destruction. 
e Automatic line voltage correction and 
stabilization; overload protected. 
e “Space Age" design with transistorized components 
and printed circuitry — shielded and filtered. 
€ Adjustable spring compensated mobile stand. 


Get complete information about the new 
RELIANCE ELECTROSURGERY UNIT. 
Write: F&F Koenigkramer 
96 Caldwell Drive 
Cincinnati, Ohio 45216 
Dept. AR-9 
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A life-threatening staph* infection? 


Culture results 
tomorrow. 


Which antibiotic 
tonight? 


Initial therapy. 


Culture and susceptibility studies can easily eat up 24-48 hours. If you suspect 
penicillinase-producing staphylococci and must begin therapy before definitive 
culture results are known, Unipen Injection is particularly suitable? Appropriate 
specimens for bacteriologic studies should be taken prior to the first dose of anti- 
biotic to determine the causative organisms and their susceptibility'to nafcillin. 


Rapid penetration. 


Unipen appears rapidly in plasma following intramuscular administration. 
Penetrates body tissues in high concentration and diffuses well into pleural, 
pericardial and synovial fluids. 


"On call" capability. 
Reconstitutes in less than 60 seconds. Remains stable for 24 hours? 


*When caused by nafcillin-susceptible penicillinase-producing staphylococci. 
+See Important Note on page after next. 
tSee important information under Parenteral Administration on page after next. 


See important information @) 
on page after next. ; 


[sodium nafcillin) 


as the monohydrate, buffered, Wyeth 








Affords a specific approach 
to susceptible penicillinase- 
producing staph infections. 


UNIPEN 


[sodium nafcillin] 
as the monohydrate, buffered, Wyeth 


Ease of reconstitution plus 24-hour stability in I.V. solu- 
tions put this potent antistaph agent ‘‘on call.” 
No precipitation, less than 10% loss in activity in I.V. 
solutions held at room temperature for 24 hours.1 

e 5% dextrose in water 

e 5% dextrose in 0.4% NaCl solution 

e Isotonic NaCl 

e Ringer's solution 

e M/6 sodium lactate solution (conc. of 30 mg/ml) 


+See “Intravenous Route" section of Brief Summary on this page. 


Indications 

The principal indication for sodium nafcillin is in the treatment of 
infections known to be due to penicillinase-producing staphylococci 
which have been shown to be sensitive to it. 

Bacteriologic studies to determine the causative organisms and 
their sensitivity to sodium nafcillin should be performed. 

If antibiotic therapy is considered necessary in potentially serious 
infections while awaiting reports of cultures and sensitivity studies, 
sodium nafcillin may be used to initiate therapy in such patients in 
whom a penicillinase-producing staphylococcus is suspected (see 
Important Note below). 

In serious, life-threatening infections, oral preparations of the 
penicillinase-resistant penicillins should not be relied on for initial 
therapy. 

Important Note 

When it is judged necessary that treatment be initiated before 
definitive culture and sensitivity results are known, the choice of 
sodium nafcillin should take into consideration the fact that it has 
been shown to be effective only in the treatment of infections caused 
by pneumococci, Group A beta-hemolytic streptococci and penicillin 
G-resistant and penicillin G-sensitive staphylococci. If the bacteri- 
ology report later indicates the infection is due to an organism other 
than a penicillin G-resistant staphylococcus sensitive to sodium naf- 
cillin, the physician is advised to continue therapy with a drug other 
than sodium nafcillin or any other penicillinase-resistant semi- 
synthetic penicillin. 

Methicillin is a compound that acts through a mechanism similar 
to that of sodium nafcillin against penicillin G-resistant staphylo- 
cocci. Strains of staphylococci resistant to methicillin have existed 
in nature and it is known that the number of these strains reported 
has been increasing. Such strains of staphylococci have been 
capable of producing serious disease, in some instances resulting 
in fatality. Because of this there is concern that widespread use of 
the penicillinase-resistant penicillins may result in the appearance 
of an increasing number of staphylococcal strains which are re- 
sistant to these penicillins. 

Methicillin-resistant strains are almost always resistant to all 
other penicillinase-resistant penicillins (cross resistance with ceph- 
alosporin derivatives also occurs frequently). Resistance to any 
penicillinase-resistant penicillin should be interpreted as evidence 
of clinical resistance to all, in spite of the fact that minor variations 
in in vitro sensitivity may be encountered when more than one 
penicillinase-resistant penicillin is tested against the same strain 
of staphylococcus. 

Routine methods of antibiotic sensitivity testing may fail to detect 
strains of organisms resistant to the penicillinase-resistant penicil- 
lins. For this reason, the use of large inocula and 48-hour incubation 
periods may be needed to obtain accurate sensitivity studies with 
these antibiotics. 

Contraindications 

A history of allergic reaction to any of the penicillins is a contra- 

indication. 


Warnings 

Serious and occasionally fatal hypersensitivity (anaphylactoid) re- 
actions have deen reported in patients on penicillin therapy. Although 
anaphylaxis is more frequent following parenteral therapy it has 
occurred in patients on oral penicillins. These reactions are more 
apt to occur in individuals with a history of sensitivity to multiple 
allergens. 

There have been reports of individuals with a history of penicillin 
hypersensitivity reactions who have experienced severe hypersen- 
sitivity reactions when treated with a cephalosporin. Before therapy 
with a penicillin, careful inquiry should be made concerning previous 
hypersensitivity reactions to pencillins, cephalosporins, and other 
allergens. If an allergic reaction occurs, appropriate therapy should 
be instituted, and discontinuation of nafcillin therapy considered. 
The usual agents (antihistamines, pressor amines, corticosteroids) 
should be readily available. 


Precautions 

As with any potent drug, periodic assessment of organ system 
function, including renal, hepatic and hematopoietic, should be 
made during prolonged therapy. 

The possibility of bacterial and fungal overgrowth should be kept 
in mind during long-term therapy. If overgrowth of resistant organ- 
isms occurs, appropriate measures should be taken. 

The oral route of administration should not be relied upon in 
patients with severe illness, or with nausea, vomiting, gastric dilata- 
tion, cardiospasm or intestinal hypermotility. 

Safety for use in pregnancy has not been established. 

Particular care should be taken with intravenous administration 
because of the possiblity of thrombophlebitis. 


Adverse Reactions 

Reactions to sodium nafcillin have been infrequent and mild in 
nature. As with other penicillins, the possibility of an anaphylactic 
reaction or serum sickness-like reactions should be considered. A 
careful history should be taken. Patients with histories of hay fever, 
asthma, urticaria, or previous sensitivity to penicillin are more likely 
to react adversely. 

The few reactions associated with the intramuscular use of sodium 
nafcillin have been skin rash, pruritus, and possible drug fever. As 
with other penicillins, reactions from oral use of the drug have in- 
cluded nausea, vomiting, diarrhea, urticaria, and pruritus. 


Parenteral Administration 

It is recommended that parenteral therapy be used initially in 
severe infections. The patient should be placed on oral therapy with 
this product as soon as the clinical condition warrants. TIntravenous 
Route: If given by intravenous infusion, use only these solutions— 
isotonic NaCl, 5% dextrose in water, 5% dextrose in 0.4% NaCl 
solution, Ringer's solution or M/6 sodium lactate solution (conc. of 
30 mg./ml.). Discard any unused portions of I.V. solutions after 24 
hours. The concentration of the antibiotic should fall within the 
range of 2 tc 30 mg./ml. The drug concentrate and the rate and 
volume of the infusion should be adjusted so that the total dose of 
nafcillin is administered before the drug loses its stability in the 
solution in use. 

There is no clinical experience available on the use of this agent in 
neonates or infants for this route of administration. 

This route of administration should be used for relatively short- 
term therapy (24-48 hours) because of the occasional occurrence of 
thrombophlebitis, particularly in elderly patients. 


Intramuscular route: After reconstitution, keep under refrigera- 
tion and use within 48 hours. The clear solution should be adminis- 
tered by deep intragluteal injection immediately after reconstitution. 


Oral Administration 
Beta-hemolytic streptococcal infections should be treated for at 
least 10 days to prevent development of acute rheumatic fever or 
glomerulonephritis. 
Iforal therapy is inadequate, resort to parenteral sodium nafcillin. 
After mixing, the oral solution must be stored in a refrigerator. 
Discard any unused portion after one week. 


Supplied 

INJECTION—Vials of 500 mg., 1 and 2 Gm. Each cc. after re- 
constitution contains 250 mg. nafcillin buffered with 10 mg. sodium 
citrate. Also available— CAPSULES—containing sodium nafcillin, 
as the monohydrate, equivalent to 250 mg. nafcillin buffered with 
calcium carbcnate in bottles of 24 and 100, and REDIPAK® (strip 
pack) Wyeth, boxes of 25. FOR ORAL SOLUTION—Combination 
pkg. of vial of dry sodium nafcillin as monohydrate and bottle of 
diluent—provides 80 cc.of solution containing equivalent of 250 mg. 
nafcillin per 5 cc. Alcohol 2%. 
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Dialose Plus has no pits... 


(diocty! sodium sulfosuccinate and sodium carboxymethylcellulose plus casanthranol) 





Andno pitfalls, either,inthe management And Dialose Plus softens and lubricates, 


of the constipated surgical patient. too...for easier, less painful 
Because Dialose Plus is more consis- defecation. 
tently reliable than the old-fash- Also available: Dialose® (dioctyl sodium 
ioned constipation remedy. sulfosuccinate and sodium car- 
To lessen the strain of constipation, boxymethylcellulose)—for ef- 
it provides the effective yet fective stool softening and 
gentle peristalsis stimulation of lubrication, when peristalsis 
casanthranol. stimulation is not required. 
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SIMPLICITY, EFFICACY, VERSATILITY ON THE SURGICAL SERVICE... 


take advantage of the Kamtrex’experienc: 





Experience on the surgical 
servicein postoperative sepsis and 
Gram-negative pneumonias has led 
many clinicians to consider Kantrex 
(kanamycin sulfate) a drug of 
choice in susceptible Gram-nega- 
tive infections with or without 
shock or septicemia '3(Pseudo- 
monas are resistant). In the pres- 
ence of endotoxic shock?? and to 
prevent progression of sepsis to 
shock, prompt use of Kantrex is 
recommended—often before ob- 
taining susceptibility test results. 


E leven years of efficacy in 
susceptible infections at many 
sites, in almost any type of patient, 
comprise the Kantrex experience. 
Kantrex coverage includes most 
Gram-negative bacilli and most 
staphylococci (Pseudomonas are 
resistant). Rapid absorption and dif- 
fusion of Kantrex to sites through- 
out the body should provide prompt 
therapeutic response in 24-48 
hours. If no response occurs within 
3-5 days, stop therapy and recheck 
bacterial susceptibilities. 


KANAMYCIN SULFATE 





One simple standardized 
dose forany patient is another facet 
of the Kantrex experience. It means 
you can prescribe Kantrex at 7.5 
mg./Kg., I.M., q. 12 h., in patients 
with normal renal function. And to 
reduce the risk of oto- and nephro- 
toxicity in patients with impaired 
renal function, the same dose ap- 
plies while the time interval be- 
tween doses increases. Simply fol- 
low the "creatinine x 9" formula.* 


“For example: If routine serum creatinine measure- 


ment is 6 mg./100 ml., multiply by 9; the interval 
between Kantrex doses is 54 hours. 





this simple regimen refle 

Kantrex experience in postsurgical 
infections. However, because the 
risk of ototoxicity does exist, daily 
Kantrex dose should not exceed 
1.5 Gm., and total therapy should 
not surpass 15 Gm. or 15 days. 


BRIEF SUMMARY OF PRESCRIBING INFORMATION 
(9) 7/27/71 

For complete information, consult Official Package 
Circular. 





Warning: The major toxic effect of parenterally 
administered kanamycin sulfate is its action on 
the auditory portion of the eighth nerve. High 
frequency deafness usually occurs first and can 
be detected by audiometric testing. Tinnitus or 
vertigo may occur and are evidence of vestibular 
injury and impending bilateral, irreversible deaf- 
ness. In such cases, decrease size and frequency 
of doses. Discontinue kanamycin and check hear- 
ing if azotemia increases. Watch carefully for oto- 
toxicity in older patients and patients receiving 
more than 15 Gm. of kanamycin. To avoid neuro- 
muscular paralysis with respiratory depression, 
postpone intraperitoneal instillation in postoper- 
ative patients until recovery from anesthesia and 
muscle relaxants is complete. Avoid concurrent 
use of other ototoxic drugs including ethacrynic 
acid and furosemide. Safety in pregnancy is not 
established. 
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Indications: Serious infections due to susceptible strains 
of E. coli, Proteus sp., Enterobacter aerogenes, K. pneu- 
moniae, Serratia marcescens and Mima-Herellea. Cul- 
ture and sensitivity studies should be performed. 
Contraindications: A history of hypersensitivity to the 
drug. Prior auditory damage by kanamycin or other 
agents may be a contraindication if effective, alterna- 
tive therapy is available. 

Precautions: Obtain audiograms before and during 
therapy in patients with renal dysfunction when treat- 
ment lasts more than 5 days. Stop Kantrex if tinnitus 
or hearing loss occurs. Hydrate patients to prevent 
chemical irritation of the renal tubules. Assess renal 
function periodically, both before and during therapy. 
If signs of renal irritation occur (casts, cells, protein- 
uria) increase hydration and reduce the dosage or the 
frequency of dosage if necessary. In azotemic patients, 
the frequency (in hours) of doses may be obtained by 
multiplying the serum creatinine by 9. If azotemia or 
oliguria occur, discontinue therapy. Mycotic or bacte- 
rial superinfection may occur. 

Adverse Reactions: Irritation or pain at the injection 
site, skin rash, drug fever, headache and paresthesias. 
Dosage and Administration: The usual dose is 7.5 mg./ 
Kg./ 12 hours I.M. The average dose is 1 Gm. daily for 
adults and children. The maximum total daily adult dose 
should not exceed 1.5 Gm. by all routes of administra- 
tion. Uncomplicated infections due to sensitive orga- 
nisms should respond in 24 to 48 hours. If no response 
occurs in 3 to 5 days, stop therapy and recheck the 
bacterial sensitivities. Hydrate patients well to mini- 
mize renal irritation. Inject deeply into the upper outer 
quadrant of the gluteal muscle. Discard partially used 
vials after 48 hours. The drug should not be physically 
mixed with other antimicrobials. 

Supplied: Rubber capped vials as a ready-to-use sterile 
aqueous solution in two concentrations; 0.5 Gm. in 
2 ml., 1.0 Gm. in 3 ml. Also available—Pediatric In- 
jection 75 mg. in 2 ml. A.H.F.S. Category 8:12.28 
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The management of anxiety: 
some important considerations 


The increasing awareness of anxiety as a clini- 
cally significant factor is confirmed in the growing 
professional conviction that the understanding of 
anxiety is fundamental to the understanding of 
behavior and its reflection in the psychic and somatic 
reactions of modern man. 

Increasingly, physicians are assuming re- 
sponsibility for helping their patients to deal with 
this problem. 

Before undertaking the management of anxiety, 
a number of factors must be weighed. Some im- 
portant considerations are: 


1. Is the patient's anxiety 
clinically significant? 

The patient's anxiety is clinically significant 
if it is undue and excessive — that is, exaggerated, 
inappropriate, grossly disproportionate to the 
external or internal circumstances that trigger or 
sustain it. It is clinically significant if it produces 
an overreaction to stress that manifests itself in 
psychic and somatic consequences, provoking func- 
tional complaints or exacerbating organic symptoms. 
It is clinically significant if it seriously interferes 
with or depletes the patient's capacity to handle the 
pressures and problems of life. 


2. Why is it important to distinguish 
between clinically significant anxiety 
and normal anxiety? 


It is essential to distinguish between clinically 
significant and normal anxiety because only the 
former requires treatment. 

Clinically significant anxiety exerts a destruc- 
tive pressure that needs skillful professional inter- 
vention until it is relieved and the maladaptive 
behavior and negative reactions it induces subside. 
Clinically significant anxiety can overwhelm, some- 
times even immobilize, a patient, exacerbating 
many conditions — angina pectoris, ulcerative colitis, 
peptic ulcer — compromising convalescence, as for 
instance from myocardial infarction. It is a liability 
that should be discharged. 

Normal anxiety, on the other hand, is a reason- 
able, appropriate force that, in moderation, increases 


alertness and effort, motivates learning and growth, 
expedites decision-making and action, stimulates 
adaptation. To treat it would be to deprive the 
patient of the growth-conducive benefits of de- 
veloping positive coping mechanisms with which 
to face and solve the problems of daily living. It is 
an asset that should be conserved. 


3. What are the therapeutic options 
in the treatment of clinically 
significant anxiety? 

Once the patient's anxiety has been diagnosed 
as clinically significant and therefore deserving of 
treatment, the physician may consider a number 
of therapeutic approaches to be tried in sequence 
and to be used singly or in combination, as the 
situation warrants. 

First resort is counseling and reassurance, 
frequently sufficient in themselves to help the patien 
recognize and sit 
modify his y : 
maladap- 
tive be- 
havior, 
often 
encour- 
aging him 
to under- 
go a correc- 
tive experience 
and learn less 
anxious, more appro- 
priate ways of living. 

Second step is the 
identification and mobilization of any favorable 
factors in the patient's environment that could 
conceivably help to reduce his anxiety. 

Third measure — if the former two prove 
insufficient— is to add pharmacotherapy, tailored 
to the individual patient's needs and response, 
monitored frequently and terminated as soon as the 
patient, relieved of the symptoms of excessive 
anxiety, can once more perform effectively without 
psychotropic medication. 









On occasion, the patient's condition may 
necessitate referral to a psychiatrist or admission 
to a psychiatric facility. 


4. What enters into the selection and 
use of a particular drug for the treatment 
of clinically significant anxiety? 


This question can best be answered by asking 
other questions. What criteria determine which 
drug treatment is applicable? If several drugs are 
promising, is one better than the others? In what 
way or 
ways? 
Does 
one 
among 
them 
have fewer 
undesir- 
able side 
effects? 
At what 
dosage level 
should drug 
treatment be 
initiated? How al- 
tered? What dosage 
and duration of ther- 
apy are optimal for the relief of a given degree of 
excessive anxiety, considering both short-term 
benefits and the possibility of symptoms' recur- 
rence? What effects may be due to the patient's 
environment? Does the drug interact with other 
drugs in the patient's total medical regimen? How 
long will it be before the patient can perform effec- 
tively without it and therapy can be terminated? 








5. How closely should the drug treat- 
ment of clinically significant anxiety be 
monitored? 

Because response to drugs varies from individ- 
ual to individual, frequent supervision of the patient 
is necessary to appraise the drug’s efficacy at differ- 
ent dosage levels and at different stages in therapy 
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and to determine how soon drug treatment can be 
terminated. Furthermore, such supervision insures 
that the patient does not exceed the prescribed 
dosage. And close monitoring is essential if the 
patient is known to be addiction-prone or when his 
history suggests he may increase dosage on his own 
initiative, improperly using a pharmacologic refuge 
to escape from solving the daily problems of living 
and adjustment. 


6. For how long should the treatment 
of clinically significant anxiety be 
maintained? 


Therapy should be continued until the patient's 
anxiety has been reduced to appropriate, tolerable 
levels. If treatment combines counseling, the utiliza- 
tion of favorable factors in the patient's environ- 
ment, and pharmacotherapy, it is reasonable to 
expect that the patient will undergo a corrective 
experience and acquire less anxious, more appro- 
priate ways of living as well as symptomatic relief. 
These improvements will signal the termination of 
treatment. 


for clinically significant anxiety 
Librium 
(chlordiazepoxide HCT) 


5-mg, 10-mg, 25-mg capsules 


Roche Laboratories 
Division of Hoffmann-La Roche Inc. 
Nutley, N.J. 07110 


Please see following page for 
summary of product information —— 
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How to use Librium 
(chlordiazepoxide HCI)... 


Dosage and duration of therapy 


should be individualized for maximum 


beneficial effects 


In adults with moderate degrees of clinically significant 
anxiety, occurring alone or in association with cardiovascular, 
gastrointestinal and other disease states in which anxiety and 
tension are manifest: 5 mg or 10 mg t.i.d./q.i.d. 

In severe, disabling anxiety and tension, alone or associated 
with organic disorders: 20 mg or 25 mg t.i.d./q.i.d. 

Dosage in geriatric or debilitated patients: initially 5 mg 


b.i.d. or less; up to 20 mg daily. 


Librium 


(chlordiazepoxide HCT) 


5-mg, 10-mg, 25-mg capsules 


Before prescribing, please consult com- 
plete product information, a summary of 
which follows: 

Indications: Relief of anxiety and tension 
occurring alone or accompanying various 
disease states. 

Contraindications: Patients with known 
hypersensitivity to the drug. 

Warnings: Caution patients about possible 
combined effects with alcohol and other 
CNS depressants. As with all CNS-acting 
drugs, caution patients against hazardous 
occupations requiring complete mental 
alertness (e.g., operating machinery, 
driving). Though physical and psy- 
chological dependence have rarely been 
reported on recommended doses, use 
caution in administering to addiction- 
prone individuals or those who might 
increase dosage; withdrawal symptoms 
(including convulsions), following dis- 
continuation of the drug and similar to 
those seen with barbiturates, have been 
reported. Use of any drug in pregnancy, 
lactation, or in women of childbearing 
age requires that its potential benefits be 
weighed against its possible hazards. 
Precautions: In the elderly and debilitated, 
and in children over six, limit to smallest 
effective dosage (initially 10 mg or less per 
day) to preclude ataxia or oversedation, 


increasing gradually as needed and 
tolerated. Not recommended in children 
under six. Though generally not recom- 
mended, if combination therapy with 
other psychotropics seems indicated, 
carefully consider individual pharmacologic 
effects, particularly in use of potentiating 
drugs such as MAO inhibitors and pheno- 
thiazines. Observe usual precautions in 
presence of impaired renal or hepatic 
function. Paradoxical reactions (e.g., 
excitement, stimulation and acute rage) 
have been reported in psychiatric patients 
and hyperactive aggressive children. 
Employ usual precautions in treatment 

of anxiety states with evidence of impend- 
ing depression; suicidal tendencies may 
be present and protective measures 
necessary. Variable effects on blood 
coagulation have been reported very rarely 
in patients receiving the drug and oral 
anticoagulants; causal relationship has 

not been established clinically. 

Adverse Reactions: Drowsiness, ataxia 
and confusion may occur, especially in 

the elderly and debilitated. These are 
reversible in most instances by proper 
dosage adjustment, but are also occasion- 
ally observed at the lower dosage ranges. 
In a few instances syncope has been re- 
ported. Also encountered are isolated 


instances of skin eruptions, edema, minor 
menstrual irregularities, nausea and con- 
stipation, extrapyramidal symptoms, in- 
creased and decreased libido — all infre- 
quent and generally controlled with 
dosage reduction; changes in EEG patterns 
(low-voltage fast activity) may appear 
during and after treatment; blood dys- 
crasias (including agranulocytosis), 
jaundice and hepatic dysfunction have 
been reported occasionally, making 
periodic blood counts and liver function 
tests advisable during protracted therapy. 
Usual Daily Dosage: Individualize for 
maximum beneficial effects. Oral — Adults: 
Mild and moderate anxiety and tension, 

5 or 10 mg t.i.d. or q.i.d.; severe states, 

20 or 25 mg t.i.d. or q.i.d. Geriatric patients: 
5 mg b.i.d. to q.i.d. (See Precautions.) 
Supplied: Librium” (chlordiazepoxide 
HC} Capsules, 5 mg, 10 mg and 25 mg— 
bottles of 100 and 500; Tel-E-Dose” pack- 
ages of 1000. Libritabs* (chlordiazepoxide) 
Tablets, 5 mg, 10 mg and 25 mg — bottles 
of 100 and 500. With respect to clinical 
activity, capsules and tablets are 
indistinguishable. 


Roche Laboratories 
Division of Hoffmann-La Roche Inc. 
Nutley, N.J. 07110 


The "Geriatric" Amputee 


RONALD B. KIHN, M. D., RICHARD WARREN, M. D., GILBERT W. BEEBE, Ph.D. 


EW METHODS of management of amputations for gan- 
N grene of the lower extremity have been widely dis- 
cussed in recent years. With the advent of the imme- 
diate postoperative plaster prosthesis and the increase in 
use of the below-knee as opposed to the above-knee 
level, surgeons are demanding solid statistical informa- 

` tion on which to base their decisions to alter previously- 
accepted practices. 

In 1968 a group of surgeons representing 14 VA hos- 
pitals published a survey describing the characteristics 
of 372 patients who received 453 lower extremity ampu- 
tations for ischemia in their hospitals during 1964? Ac- 
curate figures were procured on postoperative mortality. 
the rates of primary healing and of in-hospital rehabili- 
tation. The study provided useful background informa- 
tion against which to measure the effects of various 
therapeutic programs. But it extended only until the date 
of hospital discharge and so left unanswered questions 
about secondary healing, later amputations, long-term 
rehabilitation and mortality. A new survey was there- 
fore designed to focus on these matters. 
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Consideration of a totally different group of patients 
was indicated in order to render the new study prospec- 
tive in nature. Our earlier experience facilitated the 
design of meaningful questions that could be answered 
at stated intervals over a 2-year period concomitant 
with interviews and examinations of the patient. 


Materials and Methods 


Twenty-one Veterans Administration hospitals (four 
in the Northeast, seven in the Southeast, six in the Mid- 
west and Plains, and four in the Rocky Mountains and 
West Coast areas) joined forces in a collaborative effort. 
The criteria for the selection of hospitals were that they 
be geographically dispersed, that they could be expected 
to provide at least ten ischemic amputations per year, 
and that the level of interest among the surgical staff 
seemed to insure accurate recording of the information 
sought. The survey included all lower extremity amputa- 
tions performed for ischemia during the year 1967 at 
these hospitals, ischemia being defined as the absence 
to palpation of both the dorsal pedal and posterior tibial 
pulses. Forms were completed on all amputees at speci- 
fied times: 1) within 72 hours of operation; 2) at dis- 
charge or at 3 months after each amputation; 3) at 1 
year; and 4) at 2 years after the last amputation in 1967. 

The survey was descriptive in its design, not experi- 
mental and a relationship that is easily perceived be- 
tween two factors may, therefore, be entirely contingent 
upon the influence of a third factor, possibly one not 
even included in the set of observations. However, it is 
possible to use statistical methods to achieve partial con- 
trol over the influence of interfering variables that are 
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represented in the survey and can be identified as such. 
Analysis has been structured in relation to specific 
problems, namely, age, healing, reamputation at a higher 


level, amputation of the opposite limb, inability to am-. 


` bulate, inability to walk with a prosthesis, and mortality. 
The analytic process is controlled by conventional sta- 
tistical tests at the .05 level of significance. 

The survey includes all 559 amputations performed 
during 1967 in 427 patients, all but eight of whom were 
followed clinically for the full 2 years or until death, 
.and for all of whom mortality follow-up is complete for 
2 years. 

. The immediate postoperative prosthetic fitting technic 
was used on 27 occasions in 26 patients. They are in- 
cluded in all data except those dealing with reamputa- 
tion and rehabilitation. 

Levels (Table 1). The 559 amputations were per- 
formed at the following levels: transphalangeal and 
transmetatarsal (TP and TM) 78 (14.0%), below-knee 
(BK) 200 (35.8%), above-knee (AK) 272 (48.7%) and 
other levels 9 (1.6%) (Table 1). The BK/AK ratio was 
thus 0.74 (200/272). Diabetes was present in 180 pa- 
tients or 42.2%. The BK/AK ratio in patients without 
diabetes was 0.51 and those with diabetes 1.25. This is 
further testimony ?* to the more distal distribution of 
the arteriosclerotic lesions in diabetics. Hereinafter, the 
term “major amputations” will refer to BK’s and AK’s 
(and occasionally *other"), “minor amputations” to TP's 
and TM's. 

Age and. Sex (Fig. 1). The peak of the age curve fell 
in the eighth decade (Fig. 1A). The panel also shows 
the increase in the relative risk of amputation in VA 
hospitals for the veteran population alive in the various 
decades of life; from the fifth (0.3) to the eighth decade 
(3.6) the increase is twelvefold. About 40% of the pa- 
tients were under 60 at the time for their first 1967 
amputation, but this percentage is a function of the 
age distribution of the veteran population, influenced 
as it is by the relative numbers of World War I and 
World War II veterans alive in 1967. This explains the 
drop in number of amputations in the 60-69 group as 














‘TABLE 1, Levels of All 559 Amputations in 1967 by Presence of 
Diabetes 
' Diabetes Present Diabetes Absent Total 
Level No. % No. % No. % 

Minor 40 17.2 38 11.6 78 14.0 
BK 104 44.8 96 29.4 200 35.8 
AK 83 35.8 189 57.8 272 48.7 
Other* 5 2.2 4 1.2 9 1.6 

- Total 232 100.0 327 100.0 559: 100.0 
BK/AK Ratio 1.25 0.51 0.74 





* Includes four Symes, two through-knee, and three hip-disarticu- 
lation, 
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AGE AT 1967 AMPUTATION 
*Amputees/Tctal Veteran Population, with Ratio at Ages 50-59 Taken as Unity 
Fic. 1A. Age and risk of amputation. The numbers of amputations 
in the different age groups are: under 50, 115 (20.6%); 50-59, 


131 (23.4%); 60—69, 100 (17.9%); 70-79, 189 (33.8%); 80+, 24 
(4.3%). 


opposed to the two adjacent decades. All patients but 
one were male. The level of amputation rose with in- 
creasing age (Fig. 1B). 

The disease responsible for amputation was arterio- 
sclerosis in 91.3% of the patients. The other diagnoses 
were thromboangiitis obliterans (1.9%), embolus (2.8%), 
thrombosis (1.6%) and miscellaneous other causes (2.3%). 
The levels were evenly distributed among the diagnosis 
groups except for those labelled “thromboangiitis” and 
“other” where AK’s were rare. 


AGE AND LEVEL OF AMPUTATION 


PERCENT 





Fre. 1B. Age and level of amputation. 
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TABLE 2. Reason for 1967 Amputations, by Level TABLE 3, Level of Amputation and Lowest Palpable Pulse 
Total Aorta Femoral Politeal Total ` 
—— J ám 
Reason Minor BK AK Other No. % Leve No. % No. % No. % known No. % 

Gangrene, necrosis, Minor 1 1.3 28 35.9 49 62.8 78 100.0 

or ulcer 67 | 157 199 6 429 76.1 BK 13 6.5 106. 53.0 81 40.5 200 100.0 

Unhealed previous AK 50 18.4 199 73.2 22 8.1 1 272 100.0 

amputation 5 30 46 1 82 14.7 . Other 2 22.2 3 33.3 4 44.4 — 9 100.0 

Rest pain 1 8 17 1 27 4.8 Total 66 11.8 336 60.1 156 27.9 1 559 100.0 
Infection 5 5 7 1 18 3.2 
Other* 0 0 3* 0 3* 0.5 
Total 78 200. 272 9 559 100.0 





* “Other’’ reasons: 
'Traumatic fusion at the knee 1 
Painful stump 1 
Knee joint flexion contracture 1 


Lesions Responsible for Amputation (Table 2). About 
90 per cent (91.4%) of the amputations were done for 
gangrene, necrosis, ulcer, or the failure to heal of a 
previous amputation (Table 2). Other causes precipitat- 
ing amputation were rest pain (4.8%), infection (3.2%) 
and “other” (0.5%). A lower amputation had already 
been performed in 82 limbs and the stump had either 
not healed or, having nearly healed, had broken down 
again. 

Lowest Palpable Pulse (LPP) (Table 3). In 71.9% (402) 
of the extremities the lowest palpable pulse was the fe- 
moral or higher; in 27.9% (156) it was popliteal. Of 
the 200 limbs receiving BK amputations, 40.5% (81) 
showed palpable popliteal pulses, whereas 59.5% (119) 
did not. Of 272 limbs subject to AK amputations, 8.1% 
(22) showed palpable popliteal pulses. Putting it another 
way, of the 156 limbs with LPP in the popliteal 31.4% 
(49) received a minor amputation, 51.9% (81) received 
a BK, and 14.1% (22) received an AK. Four fell in the 
category of “other”. 

Status of the Opposite Limb. Of the 427 patients, 102 
had undergone prior amputation on the opposite limb, 
89 of them major and 13 minor. 

Of the 338 patients who had not lost the opposite foot, 
107 demonstrated palpable foot pulses there, 231 did not. 
Thus normal circulation was present in the opposite limb 
in only 25% (107/427) of the patients. The presence of 
a necrotic or open lesion in the opposite limb was re- 
corded in 10.8% (46/427) of the patients. 

Mobility Prior to the Onset of the Lesion (Table 4). 
Prior to the onset of the lesion 86.9% of the patients were 
mobile in some fashion, 78.9% for “more than 50 feet”; 
13.1% were bedridden. The “prelesion mobility” of those 
-~ selected for BK's was better than for AK's (94.8% as 
opposed to 77.4%), and more of the patients selected for 
BK amputations had been able to be mobile without any 
important (stronger than a cane) aid (70.6%) than the 
'AK's (45.2%). It is not known how much decreased 
activity influenced the decision for the higher amputa- 


tion or how much it was due to the implied poorer 
circulation in the limb. An important message imparted 
by these figures is that only 57.6% of the 427 were walk- 
ing “without aid” prior to the onset of the lesion leading 
to their amputation. (It is to be noted that in Table 4 
“no aid” means also without a prosthesis. Some individ- 
uals were walking well with prostheses and no aid but 
are not included under “no aid”. ) 

Thirty-four (38.2%) of the 89 patients who had suf- 
fered major amputations on the opposite limb had 
walked with prostheses, and four had received prostheses 
but not walked with them. Of the 51 who had not re- 
ceived a prosthesis, most were in wheelchairs before the 
development of the lesion on the index limb that led to 
the first 1967 amputation. 


Results 


Early Results 


Mortality (Fig. 2). Postoperative (or early) mortality 
was recorded as death within 30 days after the last 1967 
amputation. Of the 427 patients 47 (11.0%) died within 
this period. The amputation level had surprisingly little 
relation to mortality (being 9.4% for minors, 8.5% for BK's 
and 13. 0% for AK’s). Age did affect it but only in the “70 
or over” group. 

Patients with diabetes did not die more or less gen 
in the early period than those without it. If diabetes was 
present, the mortality was 11.7% (21/180); if absent 
10.5% (26/247). 

The Influence of a Previous Arterial Reoti 
on Mortality. Prior arterial reconstruction had been per- 


TABLE 4. Mobility and Aids to Mobility Prior to Onset of Lesion, 
by Level of First 1967 Amputation 


BK 





AK All Levels* 





Maximum Mobility No. % No. % No 9 





Bedridden 45 22.6 8 5.2 56 13.1 

Mobile: <50 feet 18 9.0 11 7.2 34 8.0 

>50 feet 136 68.3 134 87.6 337 78.9 

Total 199 100.0 153 100.0 427 100.0 
Mobile, any distance, no 

aid 90 45.2 108 70.6 246 57.6 





4 Including 75 amputees at other levels. 
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Fic. 2. Postoperative mortality and age at amputation. The values 
for the three groups are: under 55, 10/126 (7.9%); 55-69, 9/130 
(6.9%); 70+, 28/171 (16.4%). 


formed on 106 of the 427 patients. Postoperative mor- 
tality was approximately the same for patients with a 
prior arterial reconstruction, 10.4% (11/106), as for pa- 
tients without, 11.2% (36/321). However, there did ap- 
pear to be a significantly greater mortality among pa- 
tients in whom the procedure had been done within 3 
weeks of the first 1967 amputation, 21.1% (8/38) in com- 
parison with those in whom it had been performed 
earlier, 4.4% (3/68). The explanation of this difference 
could be that the performance of amputation in the early 
period after a failed arterial reconstruction bespoke an 
urgent clinical situation and thus a higher operative 
risk than when the interval between reconstruction and 
amputation was long. 

Cause of Death (Table 5). Of 47 deaths 57.4% (27) 
were directly due to circulatory causes. 

Healing (Table 6). The eventual healing rate for all 


TABLE 5. Immediate Cause of Death in 47 Postoperative Deaths 








Cardiovascular 
Cerebral hemorrhage embolism, thrombosis 
Arteriosclerotic heart disease 
"Functional" heart disease 
Other heart disease r 
Arterial embolism, thrombosis 
Pulmonary embolism, infarction 
Unspecified, cardiovascular 
Pulmonary 
Pneumonia, all types 
Pulmonary congestion 
Cancer of bronchus 
Other 
Septicemia, pyemia 
Peptic ulcer 
Liver disease 
Uremia 
Diabetes 


mma 00 me A G00 bo 


Ral me t) e w y 


Total 
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amputations was 78.4%, 45.1% for minors, 78.8% for BK's 
and $0.0% for AK's. The differences between these 
figures are significant. The level influenced primary and 
secondary healing significantly also. 

Successful healing was unrelated to age, the presence 
of diabetes, or pre-lesion mobility. 

Influence of Pulse Level (Table 7). The level of the 
lowest palpable pulse ( LPP) influenced eventual healing 
as follows. If it was the popliteal, healing was signifi- 
cantly better than if it was higher for BK's (88% vs. 73%) 
but not for minors or AK’s (48% vs. 41% and 94% vs. 90%). 
Differences in eventual healing between the LPP femoral 
and the LPP aorta groups were significant only for the 
AK’s where they were 92% and 79% respectively. The 
level of the lowest palpable pulse (LPP) did not in- 
fluence the primary healing rate significantly for minor 
or BK amputations, but with AK’s there was a significant 
difference between primary healing with LPP femoral 
(78.9%) and LPP aorta (57.8%) although not between 
LPP femoral and LPP popliteal or higher. The latter 
comparison means little because of the small numbers in 
the LPP popliteal group. 

As with primary healing, secondary healing of BK 
amputetions was not clearly associated with LPP level. 
It was 682 where LPP was the popliteal as opposed to 
43.4% where it was the femoral or higher. Thus, although 
in the presence of a popliteal pulse, neither primary nor 
secondary healing for BK amps was significantly better 
than when the LPP was the femoral or higher; overall 
figures clearly show that eventual healing was. Never- 
theless, the figure of 73% for eventual healing of BK am- 
putations in the absence of a popliteal pulse argues 
stronglv against the view that absence of that pulse is 
a contraindication for selecting that level. 

For the minor or the AK amputations the presence of 
a popliteal pulse either made no significant difference 
in secondary healing (and thus also for the eventual 
healing rate) or could not be analyzed because of the 
small numbers. 

Influence of Bleeding at Operation (Table 8). 'The 
amount of bleeding as noticed in the operative field 
influenced eventual healing as follows: For minors the 
numbers were too few to be analyzed. For BK's the 
differences among the categories "none or little" (69%) 
and somewhat diminished" (77%) and “normal” (93%) 
are significant. For AK's there was no difference (86%, 
92% and 90% for the three categories respectively ). 

The influence of this factor on primary and secondary 
healing was as follows: In the important BK group 48% 
healed per primam where bleeding was classified as 
“none or little", whereas the value for “diminished” was 
56% and that for "normal" was 662. For the AK's it was 
less striking, being 65%, 77% and 79% respectively. Al- 
though in neither of these categories were the variations 
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TABLE 6. Healing of All 1967 Amputations, by Level 
TP TM BK AK Other Total 
a Healing No. 96 No. % No vA No. % No No. % 
1. Healed primarily 10 34.5 6 12.2 108 54.0 180 66.2 3 307 54.9 
2. Died before primary healing 0 — 1 2.0 8 4.0 27 9.9 0 36 6.4 
3. Wound separation, infection, or necrosis 18 62.1 42 35.7 83 41.5 64 23.5 6 213 38.1 
a. Healed secondarily 3 10.3 15 30.6 40 20.0 37 13.6 1 96 17.2 
b. Died before secondary healing 1 3.4 0 — 5 2.5 4 1.5 0 10 1.8 
c. Higher amputation 14 48.3 27 85.1 38 19.0 23 8.5 5 107 19.1 
4. No information 1 3.4 0 — 1 0.5 1 0.4 0 3 0.5 
5. Total 29 100.0 49 100.0 200 100.0 272 100.0 9 $59 100.0 
Percentage healing* 
6. Primary 35.7 12.5 56.5 73.8 59.0 
———— Tae 
21.1 
7. Secondary 17.6 35.7 51.3 61.7 47.3 
—— preterm 
30.5 
8. Eventual 47.0 43.7 78.8 90.0 78.4 
~ cen yr ed 
45.1 





* Definitions are, by line: 





6. Line 1/(line 5 — line 2 — line 4), as a percentage 
7. Line 3a/(line 3 — line 3b), as a percentage 
8. Line 6 + line 7 (100 — line 6), as a percentage 


TABLE 7. Healing of All 1967 Amputations in Relation te Lowest Palpable Pulse, by Level of Amputation 








Primary Healing* 


Secondary Healingt 


Eventual Healing** 











Pulse and level Ratiott Percentage Healed Ratiott Percentage Healed Percentage Healed 
7^ Aorta 
Minor 0/1 0 0/1 0 0 
BK 7/13 53.8 3/6 50.0 . 77 
AK 26/45 57.8 9/18 50.0 79 
Total 33/59 55.9 12/25 48.0 71 
Femoral 
Minor 8/28 28.6 4/20 20.0 43 
BK 53/103 51.5 20/47 42.6 72 
AK 142/180 78.9 23/36 63.9 92 
Total 203/311 65.3 47/103 45.6 81 
Popliteal 
Minor 8/47 17.0 14/38 36.8 48 
BK 48/75 64.0 17/25 68.0 88 
AK 11/18 61.1 5/6 83.3 94 
Total 67/140 47.9 36/69 52.2 75 
Total 
Minor 16/76 21.1 18/59 30.5 45 
BK 108/191 56.5 40/78 51.3 79 
AK 179/243 73.7 37/60 61.7 90 
Total 303/510 59.4 95/197 48.2 79 
Aorta + femoral 
Minor 8/29 27.6 4/21 19.0 41.4 
— BK 60/116 51.7 23/53 43.4 72.7 
AK 168/225 74.7 32/54 59.3 89.7 
Total ' 236/370 63.8 59/128 46.1 80.5 





* Excludes lines 2 and 4 of Table 6. 
T Excludes lines 1, 2, 3b, and 4 of Table 6. 


** See Table 6 for calculation. 


tt Number healed /number observed for healing. 
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TABLE 8. Healing of All 1967 Amputations in Relation to Bleeding a! Operation by Level of Amputation 
Bleeding 
None or Little Somewhat Diminished Normal Total 
Percentage Percentage Percentage Percentage 
Level Ratio* Healed Ratio* Healed Ratio* Healed Ratio* Healed 
Primary Healing 
Minor 4/40 10.0 9/24 37.5 3/10 30.0 16/74 21.6 
BK 23/48 47.9 53/95 55.8 31/47 66.0 107/190 56.3 
AK 47/72 65.3 100/130 76.9 33/42 78.6 180/244 73.8 
Totalt 74/160 46.2 162/249 65.1 67/99 67.7 303/508 59.6 
Secondary Healing 
Minor 10/35 28.6 4/15 26.7 4/1 57.1 18/57 31.6 
BK 10/25 40.0 19/39 48.7 11/14 78.6 40/78 51.3 
AK 14/24 58.3 18/27 66.7 5/9 55.6 37/60 61.7 
Total** 34/84 40.5 41/81 50.6 20/30 66.7 95/195 48.7 
Eventual Healingti 
Minor 36 54 70 46 
BK 69 77 93 79 
AK 86 92 90 90 
Total 68 83 89 79 








* Number healed/number observed for healing. 
1 Excludes lines 2 and 4 of Table 6. 

** Excludes lines 1, 2, 3b, and 4 of Table 6. 

tt See Table 6 for calculation. 


significant, the percentages did move in the expected 
direction. In minors there was a significant difference 
between "none or little" and "somewhat diminished" but 
not between the latter and “normal”. For secondary 
healing bleeding at operation made a significant differ- 
ence for the BK’s but not for the minors and AK's. If 
bleeding had been normal in the BK's 78.62 (11/14) 
healed secondarily, whereas if it was less than normal 
45.3% (29/64) did. Thus, although poor bleeding at op- 
eration had a significant impact on healing of BK's, the 
secondary healing rate of 40% and the figure of 69% for 
eventual healing in the patients where bleeding was 
“none or little” are important ones for those to remember 
who would use this indication for amputating above the 
knee, 

Influence of Prior Arterial Reconstruction, The even- 
tual healing rate for minor amputations where arterial 
reconstruction had not been done was 42.2%, 44.4% where 
it had been done. Similar rates for BK’s were 79% and 
75%, and for AK's 95% and 74%. These differences are 
significant only for the AK’s and were seen to apply 
to both primary and secondary healing. If a femoro- 
popliteal arterial reconstruction fails to save the foot or 
the knee-joint, the surgeon performing the AK amputa- 
tion is making his incision through a recent operative 
wound that is healing poorly. 

Influence of Various Arrangements of Skin Flaps. The 
arrangement of flaps for the operative incision is of spe- 
cial interest to surgeons. In the AK’s the most frequently 
used varieties, circular (total 54) and equal anterior and 








posterior (total 158) showed a primary healing rate of 
79.6% and 70.3 respectively with the long anterior flap 
group a poor third in frequency (total 19), showing a 
rate of 84.2%. Little significance can be attached to such 
variations. In the BK group the only arrangements that 
appeared frequently enough to be of interest were the 
circular (total 37), equal anterior and posterior (total 
93), and long posterior (total 44). Primary healing rates 
in these three were 56.8%, 51.6%, and 63.6% respectively. 
The differences among these figures are not significant. 


Late Results 


Mortality (Fig. 3). Over the 2-year follow-up period 
after the last 1967 amputation 41.2% (176) of the 427 pa- 
tients died, 47 died in the first 30 days and 129 later. 
The figure for the overall group was higher the higher 
the amputation, being 21.9% (7/32) for minor amputa- 
tions, 32.5% (39/120) for unilateral BK’s, 45.0% (76/169) 
for unilateral AK’s and 52.4% (54/103) for bilateral 
major amputees. It has been seen that the level of ampu- 
tation did not influence the early mortality significantly. 
Therefore, these differences were contributed by the 
later mortality and reflect the more advanced age of the 
patients selected for higher amputation. 

About 25% of this mortality occurred in the first 30- 
day period, about 12.5% in the second 30-day period and 
about 5% more in each subsequent 60-day period up to 
2 years. The causes of death were similar to those in ' 
the postoperative period. The influence of age was as 
follows: For the group under 55 at amputation, the 
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Fic. 3. Survival after last 1967 amputation. 


mortality at 2 years was 26.2% (33/126), for the 55-69 
group 36.92 (48/130), and for the 70 or over group 
55.6% (95/171). 

The relation of reamputation to mortality is of interest. 
If the mortality following higher amputation were found 
to be significantly greater than that after the same level 
without reamputation it would be a factor in the de- 
cision about the selection of level. At the end of 2 years 
the mortality for patients whose initial level was BK was 
37% (14/38) when a later reamputation was required, 
and 41% (47/115) when it was not. This difference is of no 
significance. 

Subsequent Amputations—Same Limb (Table 9). By 
the end of the 2-year period and starting with the first 
1967 amputation 26% (106/404) of analyzable patients 
had received higher amputations in the same limb. This 
figure includes patients undergoing any number of 
higher amputations above any level of lower amputa- 
tion whether or not death occurred before 2 years. The 
only omissions are the 23 whose first 1967 amputations 
were treated by immediate postoperative plaster technic. 
Of the 106 patients 89 underwent reamputation as a re- 
sult of healing failure. In 17 patients higher amputation 
was done sometime after healing had occurred. 

Subsequent Amputation—Opposite Limb (Table 10). 
In considering later amputations of the opposite limb 
we have omitted the patients who had any amputation 
in the opposite limb at any level before 1967 and the im- 
mediate postoperative plaster group. This leaves 305 pa- 
tients for analysis. By the time of the 2-year follow-up or 
` by death, 45 (14.8%) of these had lost the opposite 

limb at the BK or AK level. One hundred thirty-four 
patients, of the 404 in whom first amputation was not 
‘treated by immediate postoperative prosthesis, had lost 
the opposite limb by the end of the survey (89 or 22.0% 
before 1967 and 45 or 11.12 after the first 1967 amputa- 
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TABLE 9. Re-Amputation, Same Limb 





Re-amputation 








Level first Total 
1967 amputation patients Number Percent 
Minor 68 43 63.2 
BK 132 37 28.0 
AK 197 21 10.7 
Total* -404 106 26.2 





* [mmediate postoperative prothesis omitted, seven patients witl 
"other" levels included. 


tion). The level of the first amputation did not influence 
this loss of the opposite limb. 

If one excludes those few patients in whom the lowest 
palpable pulse in the opposite limb was the aorta, it ap- 
pears that the higher the lowest pulse on this leg, the 
greater the chance of a subsequent major amputation. 
In the total series of 305 patients in whom the opposite 
limb was present after the first 1967 amputation, this 
figure is 9.7% for those with a pulse in the foot, 12.3% for 
those limbs with LPP popliteal, and 21.3% for LPF 
femoral. It is of interest that nearly 10% of patients in 
whom the opposite foot demonstrated a normal pulse 
lost the foot within the next 2 years. 

Gangrene, necrosis, or ulcer in the opposite limb re- 
sulted in loss in 37.9% (11/29), a surprisingly low figure. 
Limb loss occurred in 12.3% (34/276) of patients in 
whom no such a lesion was present. 

Also considered for possible correlation with loss o! 
the second limb were age, diabetes mellitus, walking 


TABLE 10. Major Amputations of Opposite Limb, after First 196, 


Amputation, 1967-1969 








Patients with Major 
Amputations on 
Opposite Limb 





Total* 
Patients No. % 
A—Level of amputation, 
Index Limb 
Minor 53 10 18.9 
BK 99 17 17.2 
AK 147 17 11.6 
Other 6 1 16.7 
Total 305 45 14.8 
B—Lowest Palpable Pulse, 
Opposite Limb 
Aorta 9 0 0 
Femoral 122 25 20.5 
Popliteal 81 11 13.6 
PT or DP 93 9 9.7 
Total 305 45 14.8 
C—Lesion on Opposite Limb 
Gangrene, necrosis, or 
ulcer 29 11 37.9 
Other 276 34 12.3 
Total 305 45 14.8 











* Excludes patients with immediate postoperative prosthesis or 
with any amputation on opposite limb before first 1967 amputation. 
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status 3 months after first 1967 amputation, primary 
healing, and mobility before first 1967 amputation. No 
relation was found with these. 


Rehabilitation (Fig. 4) 


At the end of the 2-year period our primary interest 
was the ability to walk of a specific group, the unilateral 
BK and AK amputees. Exclusion of deaths, patients with 
loss of the opposite limb, those treated by immediate 
postoperative plaster, those amputated at "other" levels, 
and those continuing to maintain their “minor amputee” 
status left 151 patients. 

At the end of the 2-year period 56.3% (85) of these 
151 surviving patients with unilateral major (BK + AK) 
amputations were walking, 46.5% (70) of the 151 with a 
prosthesis. Of the surviving BK's, 80.6% were walking, 
69.4% of them with a prosthesis, whereas the correspond- 
ing figures for AK's were 39.3% and 30.3% respectively. 
The time of achieving these levels of rehabilitation is of 
interest. Maximum gain in prosthetic rehabilitation was 
not achieved until 9 months in both AK’s and BK’s and 
then remained nearly level for both groups except for a 
slight improvement at 24 months. 

It is of interest that for the 151 surviving unilateral 
BK’s and AK’s, 100 had received prostheses. Seventy 
(70%) of these were using them for walking at the end 
of 2 years and 30 were not. Ten of the discarded 
prostheses were for BK’s, 20 for AK’s. 

Age was a factor associated with walking in the uni- 
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lateral amputees. For the BK's and AK's who were walk- . 
ing the average age was 57.5 years and for those who 
were not walking it was 64.5 years. 

In studying the relation of walking to pre-lesion mobil- 
ity we separated those with poor mobility (less than 50 
feet or none) from the rest who were termed as having 
"good" mobility. Although one might expect that the mo- 
bility would predict the ability to walk 2 years later, 
analysis showed this not to be true of either the BK's or 
the AK's. 

Factors that did not seem to be associated were the pa- 
tient's race and the duration of the lesion before the last 
amputation, smoking, pulse level in either limb, and 
whether the healing of the last amputation was primary. 

Of the 45 patients with bilateral major amputations, 14 
or 31% were walking with prostheses as opposed to 46.4% 
(70/151) for unilateral AK's and BK's. Of the 22 bilateral 
AK's only three were walking with prostheses. Of the 23 
who had a BK on one side and another major level on 
the other, 11 were walking with prostheses. The single 
most important factor in walking for the bilateral ampu- 
tee was whether he had been able to use a prosthesis in 
the leg first amputated before the second amputation 
was done. If this were the case, his rate of walking at 2 
years (55%) was about equal to that of the unilateral 
amputee, namely 562. If this had not been the case, only 
15% were walking. 


Discussion 


Several matters of major interest have emerged from 
the study. First, comparison with the 1964 group showed 
in a short 3-year period an improvement in the ratio of 
BK's to AK's from 0.42 to 0.74, and in the postoperative 
mortality from 21.8% to 11.0% (the difference being ac- 
counted for only in part by different definitions in the 
two studies cf the term "postoperative"). The greater 
proportion of BK's in the present series did not exact a 
penalty in more difficulty with wound healing, since the 
figures for primary healing were nearly identical in the 
two studies. Primary healing in foot amputations oc- 
curred less often in the present one (21.1% as opposed to 
31.0%), however, suggesting that attempts to save the 
ankle joint were not so successful as those to save the 
knee. 

Notable also was the observation that, although the 
presence of a popliteal pulse in amputations done at the 
BK level had a favorable influence on healing (88%) as 
compared with absence of a popliteal pulse (73%), still 
the 73% figure is one to remember for those reluctant to 
select that level on basis of pulse alone. 

The eventual healing rate for amputations in which the 
intraoperative bleeding was judged “none or little” was 
68% (primary healing being 46%). For BK’s these figures 
were 69% and 48% respectively. This should eliminate this 
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observation as a definitive contraindication to saving the 
knee joint. This series shows that prior arterial recon- 
struction did not influence eventual healing of amputa- 
tions at the minor and BK levels. It did affect healing of 
the AK's where the recent wound of the arterial recon- 
struction caused a lower rate than where it had not been 
done. 

The loss of the opposite limb during the follow-up 
period in 14.8% of cases and the more frequent occur- 
rence of this in those limbs where the lowest palpable 
pulse was at a high level and, in those with necrosis, is 
not surprising. What is of interest is that a significant 
proportion (9.7%) of amputations of the opposite limb 
were in those with foot pulses and that only 37.9% of 
those with gangrene, necrosis, or ulcer failed to heal and 
went on to amputation. 

During the 2-year follow-up period the total death 
rate reached 41.2%. This is testimony to the advanced 
state of the arteriosclerotic process in the patients under 
consideration. 

Another indication of the advanced state of the disease 
was the observation that at the time of the first 1967 
amputation, in only 25$ of patients did the opposite limb 
prove to have normal arterial circulation. Still another 
was that only 58% of the patients had been able to walk 
about without some aid stronger than a cane and 13.1% 
were bedridden. 

Walking with prostheses did not reach its maximum 
potential until between 6 and 9 months. This was due to 
the policies of the time (1967) of delaying provision of 
prostheses until weeks or months had passed. 

Experiences of others have been studied. An important 
survey is that of Mazet ! involving a 10-year follow-up of 
1,770 geriatric patients from the Veterans and County 
hospitals in Los Angeles. He found that at 1 year post- 
amputation 33% of the VA patients and 45% of the County 
patients were dead. The continuation of the curve of 
mortality (from 1 to 9 years postamputation), however, 
was not much lower than that of the population of the 
same age and sex. Two years after amputation 18 to 28% 
of the patients had lost the opposite limb, with little dif- 
ference between diabetics and nondiabetics, but by 5 
years after amputation many more of the diabetics than 
of the non-diabetics had lost the opposite limb (66% vs. 
28% in the VA series, 46% vs. 28% in the County series). 
In considering rehabilitation he further stated that 60% of 
patients who were given limbs discarded them within 6 
months. Our 2-year mortality is comparable to that re- 
ported by him. Our figure for loss of the opposite leg at 
2 years (15%) was slightly lower than his (18%) and our 
figure for discarding the prosthesis much lower (30% at 
2 years). 

The data presented provide a baseline, for a given 
period in history, against which to measure new methods 
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and technics. Despite their testimony that some gradua! 
improvement in the lot of the geriatric amputee is oc- 
curring, they should spur us to even more vigorous 
efforts to save the knee joint in most cases of amputations 
for lower extremity ischemia and to much earlier atten- 
tion to provision of prostheses. 


Summary 


A follow-up study of 559 lower extremity amputations 
done for ischemia in 21 VA hospitals in 1967 revealed an 
early mortality of 11% that rose to 41% at the end of 2 
years. The ratio of amputations done at the BK level tc 
those at the AK level was 0.74, a significant improvement 
over a figure of 0.42 in a previous study done in 1964. 
The overall healing rate was 78.4%, 45% for minor ampu- 
tations, 78.8% for BK's and 90.0% for AK's. 

In the important BK group, although the absence of a 
popliteal pulse and that of little or no bleeding in the 
operative wound had an unfavorable influence on heal- 
ing that was statistically significant, still 73% of 116 with 
no popliteal pulse healed eventually and 69% of 48 with 
little or no bleeding did so. 

Of the 151 late survivors with unilateral BK and AK 
amputations 56.3% were walking; 82% of them prostheses. 
Twice as many BK’s did so as AK’s. Thirty of the 100 
prostheses that were provided to unilateral amputees 
had been discarded, 14.8% of patients lost the opposite 
limb and 26.2% needed higher amputations on the same 
side. 
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Discussion 


Dr. PauL Nemin, Jn. (Philadelphia): This is an important and 
much needed study of a problem which all of us are having to 
deal with more frequently. 

(Slide) At the Graduate Hospital of the University of Pennsyl- 
vania we have recently studied our cases of arterial occlusion of 
the lower extremity in which a direct arterial procedure was first 

erformed and in which amputation was subsequently necessary. 
In 183 patients there were a total of 37 amputations. This includes 
all amputations in the postoperative period and in follow-up. There 
were 20 above-knee and 17 below-knee amputations for the entire 

roup. 
j I —* like to call attention to the average age of the entire 
group, i.e., 62 years. I would especially, however, like to focus on 
this third sub-group which is almost entirely acute occlusions in 
which thromboembolectomy was carried out. The average age 
was 68 years. While the amputation rate was high, one half of the 
extremities were salvaged in this elderly, generally very poor risk 
group of patients. There were five deaths in the entire series and 
four of these were in the latter group. Three of the four were in 
patients who had had one or more procedures, i.e., below-knee 
amputation, revision of stump, above-knee amputation, etc., and 
it is likely that the outcome might have been different had we pro- 
ceeded to above-knee amputation directly. Where a below-knee 
amputation is contemplated in the elderly and there is the slightest 
question of a deficient blood supply at operation, we believe that 
it is better to proceed directly to above-knee amputation. While 
the functional results may not be as satisfactory, patient salvage 
‘will probably be improved. 


Dr. RoserT Zerra (Miami): I feel a certain parochial interest 


in Dr. Warren’s presentation, having been one of the people who. 


provided a certain amount of data to the central collecting agency, 
which was headed by Dr. Warren and Dr. Kihn. 

They have given us standards with which to compare for the 
future. More important, they have emphasized the absolute re- 
quirement for rehabilitation facilities available to the surgeon who 
is going to perform this kind of operation, because there is a strik- 
ing difference in the welfare of these patients, whether they are 
taught to walk early or not. 

With this regard, I should like to ask Dr. Warren if he has been 
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able to elicit from the data, any significant information concerning 
the outcome cf patients who have had primary fitting, as compared 
to those who had delayed fitting of their prosthesis, both in terms 
of wound healing and in terms of ultimate rehabilitation. 

Our — in the center from a total experience, in collabo- 
ration with Dr. Sarmiento who is our head of orthopedics with an 
abiding concern with rehabilitation—has been that even. in the 
very old patients rehabilitation is facilitated by the utilization of 
this technic. 


Dn. Ricnarp WannEN (Closing): The problem of the diagnosis 
of arteriosclerosis obliterans needs to be investigated from the be- 
ginning, following the patient through either successful recon- 
struction, unsuccessful reconstruction, no treatment, or amputa- 
tion. We are looking at it only through this one porthole, which is 
from the amputation end. There is no question but what an arterial 
reconstruction that has failed, contrary to our original thoughts, 
does not preclude the saving of the knee joint. There are many 
patients in whom the knee joint was saved, even though the ar- 
teríal reconstruction had been done beforehand and had failed. 

It is interesting that we had quite a few amputations in 
pun who had had successful arterial reconstructions, so called, 

ut we have eliminated the effect of reconstruction from the analy- 
sis at the moment because it was impossible to identify the objec- 
tive evidence for patency. Obviously you cannot do this without 
arteriograms ard more refined studies than we were able to mount 
in a collaborative enterprise. 

The only contraindication to doing a BK and then changing to 
an AK, if necessary would be a patient with no potential for-walk- 
ing, or who did not have a situation locally below the knee that 
would accept that level of amputation. 

Dr. Zeppa, we cannot answer the immediate postoperative 
fitting question, because this was 1967. The VA was just starting 
on this. There were 23 patients in the group, but they were all 
treated so differently, with different patterns, that we felt it was 
better nct to work them out as a separate group, which we had 
hoped to do in the beginning, We agree strongly with the thrust 
of this new technic, One of the points of the paper is the slowness 
of rehabilitation that occurred in this group, and we just know that 
it will improve with some sort of early fitting, whether it be the 
immediate plaster or not. 


Bypasses to Tibial or Popliteal Arteries in 
Severely Ischemic Lower Extremities: 


Comparison of Long-Term Results in 233 Patients 


FREDERICK A. REICHLE, M.D., F.A.C.S., R. ROBERT TYSON, M.D., F.A.C.S. 


OTH FEMOROTIBIAL AS well as femoropopliteal bypass 
Bem effectively revascularize the severely ischemic 
lower extremity. Femorotibial bypass can salvage the 
limb and can be performed in lieu of primary amputa- 
tion with low mortality in patients in whom popliteal 
run-off does not exist!? Although experience with fe- 
morotibial bypass is still limited, a number of reports 
have indicated the efficacy of this procedure in limb sal- 
vage. 9512131917 Comparison of the incidence of pro- 
longed bypass function and delayed graft closure follow- 
ing bypasses to the popliteal or tibial arteries is not avail- 
able. To determine the initial and long-term graft patency 
and limb salvage capabilities of these two bypasses in 
patients with severely ischemic lower extremities, the re- 
sults of 233 consecutive femoropopliteal or femorotibial 
bypasses performed at Temple University Health Sciences 
Center over an 8-year period from 1963 to 1970 were 
compared. Distal bypass to the tibial artery results in a 
lower incidence of initially functioning bypasses, a lower 
incidence of limb salvage, and a lower incidence of de- 
layed bypass occlusion. Follow-up was complete except 
in seven patients. Operative indications were gangrene, 
ischemic ulceration, rest pain, and in a few patients 
claudication which interfered with occupation. 
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Methods 


Technic of Femorotibial Byass 


The technic of femorotibial bypass as performed in 
our institution has previously been described.!? Reversed 
autogenous saphenous vein graft was used for bypass 
in all except four of 79 patients undergoing femorotibial 
bypass. In these four patients, an 8 mm. Dacron tubing 
was employed. Most bypasses were carried from the 
common femoral artery proximally and were anastomosed 
distally to anterior or posterior tibial or peroneal arteries. 
Femorotibial bypass was performed if popliteal artery 
run-off did not exist, or if only segmental popliteal artery 
was visualized, and if a patent distal vessel with run-off 
on preoperative angiogram was demonstrated. All ana- 
stomoses were end-to-side procedures. 


Technic of Femoropopliteal Bypass 


Similarly femoropopliteal bypass was usually: per- 
formed with end-to-side anastomoses from the common 
femoral artery to the proximal or distal popliteal artery. 
The site of the anastomosis to the popliteal artery de- 
pended on the angiographic and operative localization of 
disease in the popliteal artery. Saphenous vein bypasses 
were performed whenever possible. However, if an in- 
adequate saphenous vein was present, an 8 mm. Dacron 
tube was used for bypass. 
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Determination cf Graft Function 


Graft function was assessed in most cases by palpa- 
tion of distal pulses. If patients who were geographically 
unavailable, follow-up was achieved by telephone con- 
versation to the referring physician. 


Results 


Relative Frequency of Femoropopliteal or Femorotibial 
Bypass 


Femoropopliteal bypass was performed in 154 of 233 
(66.1%) patients and femorotibial bypass in 79 of 233 
(33.9%). Thus, one femorotibial bypass was found to be 
indicated for limb salvage for every two femoropopliteal 
bypasses performed. 

Additionally in ten other patients without popliteal 
arterial patency, small vessel arterial exploration without 
bypass was performed. Thus, a total of 89 patients were 
operated upon in whom the popliteal artery was unsuit- 
able for bypass and of these 79 underwent femorotibial 
or femoroperoneal bypass. In the ten in whom vessel 
exploration only was carried out, the extent of the dis- 
ease in the small distal vessel was so severe that bypass 
was not feasible. 


Incidence of Initial Graft Function and Initial Limb 
Salvage 


Bypasses were considered initially functional if pa- 
tency persisted up to 8 weeks postoperatively. An ex- 
tremity was considered initially salvaged if it had been 
rendered functional by a bypass for over 8 weeks. The 
initial results with femoropopliteal bypass were: func- 
tional bypass, 128 of 154 (83.1%); limb salvage, 125 of 
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154 (81.2%) (Fig. 1). The corresponding initial results of 
femorotibial bypass were: functional bypass 57 of 79 
(72.2%) limb salvage, 51 of 79 (64.6%). 


Mortality 

Mortality was experienced in five of 154 (3.2%) of pa- 
tients following femoropopliteal bypass and in two of 
79 (2.5%) of patients following femorotibial bypass. The 
mortality rate as listed relates to patients dying within 
the first 6 weeks after operation. Mortality in each case 
was related to intrinsic heart disease, and as expected, 
the operative mortality rate was similar for each opera- 
tion. 


Patient Follow-Up 


Follow-up was available in 120 of 125 patients with 
femoropopliteal bypass in whom initial limb salvage was 
achieved, and in 49 of 51 patients following femorotibial 
bypass in whom initial limb salvage was achieved. Thus, 
the fate of 169 patients with initial limb salvage was fol- 
lowed over extended periods. The current status of these 
169 patients in whom revascularization was achieved is 
shown in Table 1. 

Patients with initially functioning bypasses and with 
limb salvage were divided into three groups for study: 
(1) patients presently alive with functional bypass and 
limb salvage; (2) patients who have died with func- 
tional bypass and limb salvage and (3) patients in whom 
bypass had undergone delayed occlusion. Operations 
listed in this series were all performed during the same 
time interval, 1963 to 1970 inclusive, and thus follow-up 
extends up to 8 years. For purposes of studying the 
prolonged follow-up, the patients were further divided 
into subgroups according to the year of operation. Thus 
the 57 patients operated upon between 1963 and 1965, 
in whom limb salvage was achieved, have undergone 
from 6 to 8-year follow-up at the present time. The 109 
patients operated upon between 1963 and 1967 have 
now been followed from 4 to 8 years. 


Current Incidence of Limb Survival and Graft Patency 
in Surviving Patients 

Figure 2 illustrates the current incidence of graft pa- 
tency and limb survival of patients in whom limbs were 
salvaged after femoropopliteal or femorotibial bypass. 
Although the incidence of initial patency of femorotibial 
bypass is less than the incidence of initial patency of 
femoropopliteal bypass, the current incidence of graft 
patency and limb survival is greater after femorotibial 
bypass compared to femoropopliteal bypass in patients 
who have initially achieved limb salvage (Fig. 2). This 
higher incidence of graft patency following femorotibial 
bypass is observed in the entire group of 169 surviving 
patients follawed from 1 to 8 years and is also observed 
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TABLE i. Current Status of 169 Patients Achieving Initial Limb Salvage After Femorolibial or Femoropopliteal Bypass (Operations Between 
1963-1970) for Severely Ischemic Lower Extremities 





Year of Operation 





Present Status 


Femoropopliteal, 
Dacron and Vein 


Femorcpopliteal, 


Autogenous Vein 


Femorotibial Bypass 





1963-1965 


(6 to 8 years Follow-up) 


Living, Open 
Died, Open 
Late Occlusion 


9/45 (20.0%) 
22/45 (48.9%! 
14/45 (31.1% 


9/37 (24.3%) 
19/37 (51.4%) 
9/37 (24.3%) 


5/12 (41.7%) . 


5/12 (41.7%) 
2/12 (16.7%) 





1963-1967 


(4 to 8 years Follow-up) 
1963-1970 


(1 to 8 years Follow-up) 





Living, Open 
Died, Open 
Late Occlusion 


Living, Open 
Died, Open 
Late Occlusion 


24/85 (28.2% 
32/85 (37.6% 
29/85 (34.1%: 


47/120 (39.292? 
35/120 (29.292; 
38/120 (31.7% 


19/58 (32.8%) 
24/58 (41.4%) 
15/58 (25.9%) 


37/80 (46.3%) 
26/80 (32.5%) 
17/80 (21.3%) 


12/24 (50.0%) 
8/24 (33.3%) 
4/24 (16.7%) 


28/49 (57.1%) 
14/49 (28.6%) 


Total Series 


7/49 (14.3%) 





in the 109 surviving patients followed 4 to 8 years as 
well as in the 57 surviving patients followed from 6 to 
8 years. This incidence of graft patency pertains only to 
surviving patients and does not include patients with 
successful bypass in whom limb salvage was achieved 
and who have died from other causes in the interim. 
Because Dacron was used in some of the femoropopliteal 


bypasses, the results of femoropopliteal bypass were di- 


vided into two groups: those in which autogenous 
saphenous vein was used (80 of 120 bypasses) and those 
in which prosthetics were used (40 of 120 bypasses) 
(Figure 2). Although there is a trend toward an in- 
creased incidence of graft patency in patients with 
femoropopliteal bypass who have had saphenous vein 
grafts compared to the entire group, the current inci- 
dence of graft patency after femoropopliteal bypass with 
saphenous graft is lower than the incidence of graft 


— patency and limb survival in surviving patients following 


femorotibial bypass. 


Total Incidence of Limb Salvage in Surviving and 
Deceased Patients 


Figure 3 illustrates the combined incidence of patients 
who are presently surviving with patent bypasses and 
limb salvage and those with successful bypasses and limb 
salvage who have died from other reasons at any interval 
following operation. When success of revascularization 
is judged by these standards in the patients followed 
4 to 8 years or 6 to 8 years, the success of revasculariza- 
tion after femoropopliteal bypass is over 60% and over 
80% in patients after femorotibial bypass. 


Delayed Mortality in. Bypassed Patients 


The delayed mortality in patients after femoropopliteal 
or femorotibial bypass is found to be very similar in the 
overall series. Thirty-five of 120 (29.1%) of patients in 
whom femoropopliteal bypasses produced limb salvage 
have died, and 14 of 49 (28.6%) of patients following 
femorotibial bypass have died during the long-term fol- 
low-up. 


PERCENT PATIENTS LIVING, GRAFT PATENT 
OR DIED WITH GRAFT PATENT 


As expected, the delayed mortality is approximately 
equal in both groups and does not account for the in- 
creased incidence of graft patency and limb survival in 
surviving patients with femorotibial bypass. 
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Fic. 2. Current incidence of patient survival, graft patency and 
limb survival. (per cent of surgically treated patients who are 
presently alive with limb salvage and graft function). 
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Exc. 3. Long-term follow-up of patients achieving initial limb 
salvage after bypass (per cent of surgically treated patients who 
achieved initial limb salvage and who are presently alive with 
limb salvage and graft function or who had limb salvage and graft 
function at the time of death). 
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Delayed Graft Occlusion 


The current incidence of delayed graft occlusion in 
surviving patients achieving initial limb salvage after 
femoropopliteal or femorotibial bypass is illustrated in 
Figure 4. The current incidence of delayed graft occlu- 
sion is lower in patients after femorotibial bypass in 
whom initial limb salvage was achieved than in pa- 
tients after femoropopliteal procedure or in patients in 
whom autogenous saphenous vein was used for femoro- 
popliteal bypass. This lower incidence of late graft oc- 
clusion was observed in the total group of the 169 pa- 
tients followed from 1 to 8 years as well as in the 109 
patients followed from 6 to 8 years. 


Bypass Function, Delayed Mortality and Delayed Graft 
Occlusion in Total Series 


In 169 patients who achieved initial limb salvage and 
who were operated on between 1963 and 1970, a higher 
incidence of functional bypass is observed after femoro- 
tibial bypass than after femoropopliteal bypass (Fig. 5). 
The incidence of delayed mortality is similar in the two 
groups of patients, and a lower incidence of delayed 
graft occlusion is observed in patients in whom revascu- 
larization was achieved by femorotibial bypass. 


Amputation Afier Early and Late Bypass Occlusion 


Extremity amputation was necessary in 20 of 26 pa- 
tients after initial occlusion of femoropopliteal bypass 
and in 21 of 22 initially occluded femorotibial bypasses. 
In total, 41 amputations were performed after 48 initial 
bypass occlusions. This incidence of amputation was ex- 
pected in view of the severity of preoperative ischemia 
including gangrene, ischemic ulceration or rest pain. 

Amputation after delayed bypass occlusion was neces- 
sary less frequently. Amputation was performed in 22 
of 38 patients in whom delayed occlusion of femoropop- 


CURRENT INCIDENCE OF DELAYED GRAFT OCCLUSION IN PATIENTS 
ACHIEVING INITIAL LIMB SALVAGE AFTER FEMOROPOPLITEAL 
OR FEMOROTIBIAL BYPASS 
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Fic. 5. Incidence of bypass function, delayed mortality, and de- 
layed graft occlusion in total series of patients in whom initial 
limb salvage was achieved. 


liteal bypass occurred. After delayed occlusion of seven 
femorotibial bypasses, amputation was required in three 
patients. Additionally three extremity amputations were 
necessary despite bypass patency in 128 femoropopliteal 
grafts. Six amputations were necessary despite bypass 
patency in 7 femorotibial grafts. 


Discussion 


Indications for Femorotibial Bypass 


Severe ischemia of the lower extremity, including gan- 
grene, ischemic ulceration, or rest pain, constituted the 
great majority of indications which have been used in 
this series for femorotibial bypass. Our indications for 
femoropopliteal bypass have been the same as for fe- 
morotibial bypass. Claudication not interfering with 
occupation is a relative indication for arterial bypass. 
In the presence of severe ischemia and in the absence 
of popliteal run-off, femorotibial bypass can result in 
prolonged limb revascularization and limb salvage in 
lieu of primary amputation in patients in whom angio- 
graphic, Doppler or operative demonstration of distal 
small vessel patency exists. 


Bypass to Popliteal Artery Segment 


Mannick et al.!? has demonstrated an overall success 
rate of 65% for follow-up period of 9 months to 4% years 
in patients in whom autogenous vein was used to bypass 
from a common femoral artery to an isolated segment 
of popliteal artery. Thus, bypass to popliteal artery with 
limited outflow capability represents an alternative mo- 
dality of treatment in patients having segmental popliteal 
artery patency demonstrable angiographically. The de- 
cision as to site of distal anastomosis in patients having 
both a segmental popliteal artery and tibial vessels 
visualized on preoperative angiogram depends in part on 
the angiographic appearance of distal run-off. In most 
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cases, we believe that bypasses to the tibial arteries pro- 
vide better run-off. 

Prior demonstration of the efficacy of venous auto- 
graphs and femoropopliteal arterioplasty indicated that 
autogenous saphenous vein grafts can effectively revas- 
cularize the ischemic lower extremity in the presence of 
poor distal run-off and low flow rates within the by- 
pass.^94 

Our results showing a consistent increment of in- 
creased graft patency and a lower rate of delayed graft 
thrombosis following femorotibial bypass with autogen- 
ous saphenous vein compared to femoropopliteal bypass 
with autogenous saphenous vein suggests advisability of 
anastomosis to the more distal vessel. Although in this 
area the vessel is smaller, it leads to final run-off fre- 
quently with extensive arborization into the foot and 
particularly in the case of the anterior and posterior 
tibial arteries suggests the advisability of femorotibial 
bypass in preference to a bypass to a distally occluded 
segment of popliteal artery. 

Wylie et al. has suggested the importance of par- 
tially obstructing lesions in outflow vessels including the 
distal popliteal segment. Delayed graft failure may be 
due to partially obstructing lesions in the outflow tract 
including the distal popliteal artery and the tibial peroneal 
trunk segment. The lower incidence of delayed graft oc- 
clusion with bypasses to the distal vessel will be con- 
sistent with the concept of delayed outflow obstruction in 
the more proximal bypasses. Absence of extensive athero- 
sclerotic disease in the tibial arteries is a very frequent 
operative observation and is consistent with the efficacy 
of bypassing the larger but more extensively diseased 
proximal vessels of the popliteal segment. Frequently 
the small vessels in the tibial or peroneal region are 
soft as the autogenous saphenous vein which is being 
used for bypass, whereas the proximal vessels in the same 
patient including the femoral and popliteal artery may be 
extensively diseased. 


Other Alternatives to Femorotibial Bypass 


Femoral profundaplasty alone has been suggested as a 
procedure which at times may be effective for revascu- 
larization of the severely ischemic lower extremity par- 
ticularly in patients without popliteal artery patency.” 
In reviewing attempts to revascularization of 230 severely 
ischemic limbs, 44 were treated with profundaplasty 
alone in some cases with relief of distal gangrene, rest 
pain, or claudication. Thus the instances in which pro- 
fundaplasty alone is effective in severe ischemia may be 
somewhat limited and presumably be associated with a 
severely stenosed or completely occluded profunda 
artery. Earlier reports by Leeds and Gilfillen £ indicated 
that femoral profunda arterial reconstruction was felt 
to be indicated in 25 of 270 patients treated surgically 
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for arterial insufficiency of the lower extremity. In all of 
the 25 cases, however, claudication in the leg was the 
preoperative indication. Satisfactory restoration of the 
blood flow was felt to be achieved in 24 of the 25. 
Whereas reconstruction of the femoral profunda artery 
is feasible and may be indicated in selected instances of 
arterial insufficiency of the lower extremity, indications 
for profundaplasty as a primary procedure would appear 
to be relatively uncommon. Angiographic demonstration 
of a patent vessel in the distal lower extremity is gen- 
erally considered a prerequisite of small vessel explora- 
tion or small vessel bypass. 


Comparison of Long-Term Results 


Although initial patency and initial limb salvage rates 
are lower in patients following femorotibial bypass, the 
incidence of bypass patency is consistently higher in pa- 
tients in whom limb salvage with femorotibial bypass has 
been achieved. Similarly the incidence of late occlusion is 
lower in patients with femorotibial bypass compared to 
patients with femoropopliteal. Increased graft patency 
and late occlusion rates have now persisted into the late 
follow-up period including that group of 57 patients who 
were operated between 1963 and 1965 and in whom a 6 
to 8-year follow-up is now available. As expected the 
late mortality following femorotibial or femoropopliteal 
bypass in patients in whom limb salvage was achieved 
was similar. 2M 


Summary 


Femorotibial or femoropopliteal bypass can result in 
effective prolonged revascularization of the severely 
ischemic lower extremity. Late bypass failure was less 
frequent following femorotibial bypass; initial limb sal- 
vage was lower than following femoropopliteal bypass. 
In this series, femorotibial bypass was performed in ap- 
proximately one-third of peripheral bypasses to the lower 
extremity. Prosthetics when used for bypasses produced 
results which were not as good as results of bypass 
with autogenous vein. An aggressive diagnostic and 
therapeutic approach to revascularization of the severely 
ischemic lower extremity by femorotibial bypass is indi- 
cated in patients who have no popliteal artery run-off. 
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Discussion 


Dr. W. AupgEW Dare (Nashville): I would like to make four 
clinical points in relation to these distal anastomoses which perhaps 
Dr. Tyson did not have time to discuss today. 

First is the need for good diagnostic angiograms. The usual 
femoral arteriogram often fails to show the foot and ankle vessels 
because of film position and/or timing. It is often necessary to 
make a second injection with the film placed distally to show the 
ankle and foot vessels, and to allow a sufficient lapse of time for 
the radiopaque material to reach these, often as long as 15 to 20 
seconds even longer. 

Secondly, dista] anastomoses may be beneath or near areas of 
infection. In such cases the risk of failure due to infection is 
greater, and if the procedure can be postponed until cellulitis is 
cleared and infection is controlled, the chance of salvage increases. 
[Slide] This slide shows a patient in whom the entire leg was in- 
fected, and who required extensive debridement and drainage. 
Further healing followed, and a vein graft was successfully placed. 

[Slide] Alternate technies may be required for distal bypass 
grafting. It may not always be possible to obtain a vein graft 
which will extend from the common femoral in the groin to the 
ankle or foot, and in that event the proximal anastomosis should 
be done at a lower level in the thigh, provided the superficial 
femoral artery is patent. If the ipsilateral saphenous vein is not 
available because of previous removal, thrombosis, or varicosities, 
the contralateral saphenous vein may be used. However, because 
of the possibility of need for this in a later contralateral problem, 
I avoid its use, and prefer an arm vein. 

[Slide] The next slide shows multiple arm excision extending 
from the base of the thumb to the axilla. Vein grafts from the arm 
have given no trouble in 14 instances to date. If only a short seg- 
. ment of vein is needed, the long saphenous in the thigh should be 
avoided as the source, and an arm vein used. 

Finally, necessary toe and foot amputations should be done as 
soon as revascularization is established, as shown on the last slide. 
[Slide] Here the posterior tibial anastomosis was allowed to per- 
fuse the foot for 5 days before the gangrenous toes were removed. 
However, further delay is avoided, so that healing of the amputa- 


tion can occur before anything else occludes either the graft or 
the distal vessels. 


Dr. Frepenick A. ReicHir (Closing): We want to thank Dr. 
Dale for his very appropriate comments, His early experience with 
small arteries of this type was reported as early as 1963. 

We certainly agree with the importance of thorough preopera- 
tive angiography. Our radiologists routinely follow the contrast 
distally in the lower extremity for whatever period of time is nec- 
essary to delineate details of the vascular tree distally into the 
foot. In some cases it is necessary to film over the ankle on serial 
femoral injections for up to 30 seconds and in some cases even 60 
or 90 seconds, with demonstration of small arteries distally which 
fill slowly, and which in some cases are amenable to surgical by- 
pass using long autogenous saphenous vein grafts. - 

We also routinely listen over the small vessels distally with the 
Dopplometer to demonstrate whether or not vessel patency and 
flow can be auscultated. In one case to date we explored a small 
vessel on the basis of the Doppler auscultation which localized a 
patent distal vessel. On the basis of the Doppler findings, small 
vessel exploration and subsequent successful bypass and limb sal- 
vage was achieved even though angiogram did not reveal a patent 
artery. 

Relating to the problem of cellulitis, we prefer to clear up cel- 
lulitis to rn extent possible before revascularization is carried cut, 
if time and the progression of ischemic disease permits. 

As Dr. Dale and Dr. Tyson have indicated, we strongly prefer 
autogenous vein grafts to prosthetic grafts in bypassing to the dis- 
tal vessels of tae lower extremity. These data indicate a difference 
between initial and long-term results, comparing femoropopliteal 
and femorotibial bypasses. Although femorotibial bypasses have a 
lower incidence of initia] graft patency and initial limb salvage, 
once a femorotibial bypass is patent, and once it has salvaged 
the limb, the tendency is for it to maintain patency and limb sal- 
vage for at least as long—and in our experience longer than— 
femoropopliteal bypass. 

Statistical analysis using the chi-square test shows a significant 
difference in bvpass patency in the total, over-all 169 patients who 
initially achieved limb salvage and who have been followed 1 to 8 
years. Delayed graft occlusion is significantly lower (p < 0.02) 
after femorotibial bypass than after femoropopliteal bypass. 
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Greatest Advance Since the 
Typewriter was Invented! 

3 No More Smeary Erasing— 
A Covers Mistakes Instantly, 

Permanently ! 


SELF-CORRECTING 
TYPEWRITER RIBBON! 


Most exciting, needed advance since the typewriter was invented! As 
of this moment, every messy, smudgy, smeary typewriter eraser in the 
world hits the scrap heap for good. No more erasing—ever! Bottom 
half of miracle ribbon is like a magic wand that makes errors disappear 
before your eyes. To make corrections, just back space, shift ribbon 
selector and retype error. Presto! White ink makes error completely 
invisible. Order extra ribbons for friends. This is one gift they'll love 
you for! No CODs 




























MAIL ORDER MART, Dept, 14 
2701 Sterlington Road, Suite 132 
Monroe, Louisiana 71201 







Please send me the quantity of ribbons checked below. If not satisfied, 
I will return ribbons within 10 days for full refund 
1 ribbon $3.50 2 ribbons $6.00 







Brand Name of Typewriter— 
Standard Electric 











Portable 







Name 


Address 







City 









 HeAmine 


amino acid mixture 


A concentrated source of 8 essential and 7 
nonessential pure crystalline amino acids with a 
formula based on Rose's recommended daily 
allowances of essential amino acids, and the hen's 
egg, the World Health Organization's 

protein standard. 


FREAMINE? 
Parenteral Hyperalimentation Kit: C 
500 ml of 8.5% FreAmine, 500 ml— McGAW LABORATORIES 


50% Dextrose in Distilled Water; ^ pivision of American Hospital 
Transfer Set; Additive Cap; Pressure Supply Corporation 
Sensitive Label; Directions for Use Glendale, California. 
and Mixing. Milledgeville, Georgia. 
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Eres a 
reall elit iememee 
lo Wen 


Kand K, 


ve There can be no question that phytonadione 
[vitamin K;] is the drug of choice and 
the only drug recommended to reverse an 
excessive degree of [oral anticoagulant- 
induced] hypoprothrombinemia. 99 


Udall, J.A.: Don't use the wrong vitamin K, 
Calif. Med. 112:65-67, April, 1970. 


INJECTION, 2 mg or 10 mg perc 


quaMEPHYTON' 


perdus | MSD) 


PAY Colloidal Solution of Vitamin K, 





offers more prompt and 
predictable correction of 

- excessive hypoprothrombinemia 
. induced by oral anticoagulants 





For a brief summary of prescribing information, please see facing page. 


The logic of specifying vitamin K, 
(phytonadione) instead of “vitamin K” 


1. Although they are loosely referred to as 
"vitamin K," actually menadione, menadiol, and 
their water-soluble salts are analogs with 
vitamin K-like activity. Since they lack the phytyl 
side chain, they are less effective as a corrective 
of the hypoprothrombinemic bleeding induced 
by oral anticoagulants. 

2. Only vitamin K; (phytonadione) has this 
phytyl side chain. Therefore, vitamin K: 
(phytonadione) is the preferred agent as a specific 
antidote to the oral anticoagulants. 


Warnings: In anticoagulant-induced hypoprothrombinemia, overzeal- 
ous therapy may restore conditions which originally permitted throm- 
boembolic phenomena; keep dosage as low as possible and check 
prothrombin time regularly. Phytonadione will not counteract the 
anticoagulant action of heparin. 
Precautions: Avoid rapid intravenous injection; intravenous adminis- 
tration, when warranted, must not exceed a rate of 5 mg per minute. 
Temporary resistance to prothrombin-depressing anticoagulants may 
result, especially when larger doses of phytonadione are used; when 
reinstituting anticoagulant therapy after relatively large doses of 
phytonadione, it may be necessary to use somewhat larger doses of 
the prothrombin-depressing anticoagulant, or to use one which acts 
on a different principle, such as heparin sodium. 
The aqueous colloidal solution for injection should not be diluted with 
other than the recommended diluents. When dilutions are indicated, 
administer immediately after mixture with diluent, and discard un- 
used portions of the dilution as well as unused contents of the ampul. 
Store in a dark place and protect from light at all times, even after 
dilution. 
Adverse Reactions: Rarely, severe reactions, including shock, have 
occurred with rapid intravenous administration. Transient "flushing 
sensations" and "peculiar" sensations of taste have been observed, 
as well as rare instances of dizziness, rapid and weak pulse, profuse 
sweating, brief hypotension, dyspnea, and cyanosis. Occasionally, 
pain, swelling, and tenderness at the injection site may occur. The 
possibility of allergic sensitivity, including an anaphylactoid reaction, 
should be kept in mind. 
Hyperbilirubinemia has been observed rarely in the newborn following 
administration of phytonadione in a dose of 25 mg. However, at the 
usual prophylactic dose of 1 mg, this has not occurred. Kernicterus 
has not been reported following administration of the aqueous col- 
loidal solution at any therapeutic dose level. 
How Supplied: Injection AquaMEPHYTON (Phytonadione, MSD)— 
yellow, sterile, aqueous, colloidal solution containing in each cc: 
hytonadione (vitamin K,), 2 mg or 10 mg; 70 mg polyoxyethylated 
atty acid derivative, 37.5 mg dextrose, and 0.996 benzyl alcohol. In 
0.5-cc ampuls containing 1 mg vitamin K,, and in 1.0-cc ampuls and 
2.5- and 5.0-cc multiple-dose vials containing 10 mg vitamin K, per 
cc. Also Supplied: Tablets MEPHYTON (Phytonadione, MSD)—5 mg, 
yellow, scored tablets in bottles of 100. MSD 


For more detailed information, consult your MSD rep- 
resentative or see full prescribing information. Merck IERGK 
Sharp & Dohme, Division of Merck & Co., Inc., West A xi 
Point, Pa. 19486 OHM 





Illustrated below are several 
factors which can also 
induce or intensify 
hypoprothrombinemia. 


While they by no means make 
hypoprothrombinemia 
inevitable, the presence of 

any one of these may warrant 
evaluation of prothrombin time. 


obstructive jaundice 


3M biliary fistula 
4 


steatorrhea 


A ulcerative colitis 


antibacterial therapy 


salicylates, i 
propylthiouracil, and others 





+ 


Nowadays, no matter where the 
For Surgeons incision, the scar is likely to be 
who believe on public view. Help make it a 


beautiful one with the aid of 


e - e e 
m bikinis. PROLENE Suture, the mono- 


filament whose smoothness is a 


^ 


R à 
4 
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real help in tissue approximation. 
The inert suture that glides so 
easily through tissue that pull-out 
is easy for you...easy on the patient. 


PROLENE 


TRADEMARK 


Polypropylene Suture 





T aadarahin in Wain D anain 


or 
day's 
ain... 





memory of 
yesterday's 
pain... 


t9 


apprehension over 
tomorrow's 
pain- 


» analgesic formula that calms instead of caffeinates 


Phenaphen; 


-the patient with a terminal illness, PAIN past, present, and future can dominate 
thoughts until it becomes almost an obsession. The more he is aware of the pain 
is now experiencing, the more difficult it is to erase his memory of yesterday's 

n, and to allay his fearful anticipation of tomorrow's pain. 


‘ely the last thing this patient needs is an analgesic containing caffeine to stimulate 
senses and heighten pain awareness. A far more logical choice is Phenaphen 

h Codeine. The sensible formula provides % grain of phenobarbital to take 

: nervous “edge” off, so the rest of the formula can help control the pain more 
actively. Don't you agree, Doctor, that psychic distress is an important factor 

most of your terminal and long-term convalescent patients? 








Phenaphen with Codeine No. 2, 3, or 4 contains: Phenobarbital 
(% gr.), 16.2 mg. (warning: may be habit forming); Aspirin 

(2V2 gr.), 162.0 mg.; Phenacetin (3 gr.), 194.0 mg.; Hyoscyamine 
sulfate, 0.031 mg.; Codeine phosphate, % gr. (No. 2), a gr. 
(No. 3) or 1 gr. (No. 4) (warning: may be habit forming). 


Indications: Provides relief in severe grades of pain, on low 
codeine dosage, with minimal possibility of side effects. Its use 
frequently makes unnecessary the use of addicting narcotics. 
Contraindications: Hypersensitivity to any of the components. 
Precautions: As with all phenacetin-containing products, 
“excessive or prolonged use should be avoided. Side effects: 
* Side 'effects are uncommon, although nausea, constipation and 
drowsi ess may occur. Dosage: Phenaphen No. 2 and No. 3— 
every 3 to 4 hours as needed; Phenaphen No. 4 






An important oral antibiotic 
useful in office and hospital practice 











now 


new 500-mg. 
Pulvule® and 


new 60-ml.-size 






Gy 


NZ 






Prescribing Information 


® Description: Keflex® (cephalexin 


ex, " monohydrate, Lilly) is a semisynthetic 
cephalexin : "n cephalosporin antibiotic intended for oral 
Available in administration. It is 7-(D-a-amino-a- 


phenylacetamido)-3-methyl-3.cephem-4- 


Pulvul ivalent een 
ird e carboxylic acid, monohydrate. 


to 250 mg. or 500 mg. 
cephalexin Actions: Human Pharmacology—Keflex is 
acid stable and may be given without regard 
to meals. It is rapidly absorbed after oral 


Oral Suspension, administration. Following doses of 250 and 


equivalent to 125 mg. 500 mg., average peak serum levels of 
cephalexin per 5 ml., approximately 9 and 18 mcg. per ml. 

in 100-ml.-size and new respectively were obtained at one hour. 
60-ml.-size packages Measurable levels were present six hours 


after administration. Over 90 percent of the 
drug is excreted unchanged in the urine 


Pediatric Drops, within eight hours. Peak urine 
equivalent to 100 mg. concentrations are approximately 1,000 
cephalexin per ml., in mcg. per ml. during this period following a 
10-ml.-size packages 250-mg. dose. 


Microbiology—In-vitro tests demonstrate 
that the cephalosporins are bactericidal 
because of their inhibition of cell-wall 
synthesis. Keflex is active against the 
following organisms in vitro: 

Beta-hemolytic streptococci 

Staphylococci, including coagulase- 

positive, coagulase-negative, and 
penicillinase-producing strains 

Diplococcus pneumoniae 

Escherichia coli 

Proteus mirabilis 

Klebsiella sp. 


Note—Most strains of enterococci 
(Streptococcus faecalis) and a few strains 
of staphylococci are resistant to Keflex® 
(cephalexin monohydrate, Lilly). It is 

not active against most strains of 
Enterobacter sp., Pr. morganii, and Pr. 
vulgaris. It has no activity against 
Pseudomonas or Herellea species. When 
tested by in-vitro methods, staphylococci 
exhibit cross-resistance between Keflex and 
methicillin-type antibiotics. 


Indications: Keflex is indicated for the 
treatment of the following infections when 
caused by susceptible strains of the 
designated micro-organisms: 

Respiratory tract infections caused by 
D. pneumoniae and group A beta-hemolytic 
streptococci (Penicillin is the usual drug of 
choice in the treatment and prevention of 
streptococcus infections, including the 
prophylaxis of rheumatic fever. Keflex is 
generally effective in the eradication of 
streptococci from the nasopharynx; 
however, substantial data establishing the 
efficacy of Keflex in the subsequent 
prevention of rheumatic fever are not 
available at present.) 

Skin and soft-tissue infections 
caused by staphylococci 26 

Urinary tract infections A 
caused by Esch. coli, Pr. [ME 
mirabilis, and Klebsiella sp. sM f 

Note—Culture and (\ 
susceptibility 
tests should be 
initiated prior Cully 
to and during 
therapy. Renal 
function studies 
should be performed 
when indicated. 









Contraindica- 
tion: Keflex 

is contraindicated G Ly, 
in patients with known allergy to the 
cephalosporin group of antibiotics. 





Warnings: IN PENICILLIN-ALLERGIC 
PATIENTS, CEPHALOSPORIN C DERIVATIVES 
SHOULD BE USED WITH CREAT CAUTION. THERE 
IS CLINICAL AND LABORATORY EVIDENCE OF 
PARTIAL CROSS-ALLERGENICITY OF THE 
PENICILLINS AND THE CEPHALOSPORINS, AND 
THERE ARE INSTANCES OF PATIENTS WHO 
HAVE HAD REACTIONS TO BOTH DRUGS 
(INCLUDING FATAL ANAPHYLAXIS AFTER 
PARENTERAL USE). 
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Any patient who has demonstrated some 
form of allergy, particularly to drugs, 
should receive antibiotics cautiously and 
then only when absolutely necessary. No 
exception should be made with regard to 
Keflex® (cephalexin monohydrate, Lilly). 

Usage in Pregnancy—Safety of this 
product for use during pregnancy has not 
been established. 


Precautions: Patients should be followed 
carefully so that any side-effects or 
unusual manifestations of drug , 
idiosyncrasy may be detected. If an £ 
allergic reaction to Keflex occurs, E 
the drug should be discontinued 
and the patient treated with the 
usual agents (e.g., epinephrine, 
antihistamines, pressor amines, or 
corticosteroids). 

Prolonged use of Keflex may result 
in the overgrowth of nonsusceptible 
organisms. Careful observation of the 
patient is essential. If superinfection 
occurs during therapy, appropriate 
measures should be taken. 

Positive direct Coombs tests have been 
reported during treatment with the cephalo- 
sporin antibiotics. In hematologic studies 
or in transfusion cross-matching procedures 
when antiglobulin tests are performed on the 
minor side or in Coombs testing of newborns 
whose mothers have received cephalosporin 
antibiotics before parturition, it should be 
recognized that a positive Coombs test may 
be due to the drug. 

Keflex should be administered with caution 
in the presence of markedly impaired renal 
function. Under such conditions, careful 
clinical observation and laboratory studies 
should be made because safe dosage may be 
lower than that usually recommended. 

Indicated surgical procedures should be 
performed in conjunction with antibiotic 
therapy. 

As a result of administration of Keflex, a 
false-positive reaction for glucose in the 
urine may occur. This has been observed 
with Benedict's and Fehling's solutions and 
also with Clinitest? tablets but not with 
Tes-Tape? (urine sugar analysis paper, 


Lilly). 


Adverse Reactions: Gastro-Intestinal— 
The most frequent side-effect has been 
diarrhea. It was very rarely severe enough to 
warrant cessation of therapy. Nausea, 
vomiting, dyspepsia, and abdominal pain 
have also occurred. 







Keflex 


cephalexin monohydrate 








Hypersensitivity—Allergies (in the form of 
rash, urticaria, and angioedema) have been 
observed. These reactions usually subsided 
upon discontinuation of the drug. 

Other reactions have included genital and 
anal pruritus, genital moniliasis, vaginitis 
and vaginal discharge, dizziness, fatigue, 
and headache. Eosinophilia, neutropenia, 
and slight elevations in SGOT and SGPT 

have been reported. 


Administration and Dosage: 
Keflex is administered orally. 
The adult dosage ranges from 
1 to 4 Gm. daily in divided 
= doses. The usual adult dose is 
ww 250 mg. every six hours. For 
more severe infections or those 
caused by less susceptible 
organisms, larger doses may be 
needed. If daily doses of Keflex 
greater than 4 Gm. are required, 
parenteral cephalosporins, in 
appropriate doses, should be 
considered. 
The recommended daily dosage 
for children is 25 to 50 mg. per Kg. 
(divided into four doses. 


Keflex Suspension 
(125 mg.[5 ml.) 


15 to l tsp. q.i.d. 
l to 2 tsp. q.i.d. 
2 to 4 tsp. q.i.d. 


Child's Weight 
10 Kg. (22 Ib.) 


20 Kg. (44 Ib.) 
40 Kg. (88 Ib.) 


In severe infections, the dosage may be 
doubled. 

In the treatment of beta-hemolytic strepto- 
coccus infections, a thera- i Y OE 
peutic dosage of Keflex E f 328 
should be administered vh 
for at least ten days. 


How Supplied: Pulvules? 
Keflex? (cephalexin mono- 
hydrate, Lilly), equivalent 
to 250 mg. or 500 mg. cephalexin, in 

bottles of 24 and 100 and in Identi-Dose® 
(unit dose medication, Lilly) in boxes of 100. 

Keflex, for Oral Suspension, equivalent to 
125 mg. cephalexin per 5-ml. teaspoonful, in 
60 and 100-ml.-size packages and in Identi- 
Dose in packages of 100. 

Keflex, for Pediatric Drops, equivalent to 
100 mg.cephalexin per ml. (5 mg. per drop), 
in 10-ml.-size packages, with dropper 
calibrated at 25 and 50 mg. 
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[052571€] 
Additional information available 
to the profession on request. 


Eli Lilly and Compan: 
Indianapolis, Indias: 46206 




















Gastrin: 


Early in this century Edkins 
showed that the intravenous in- 
jection of an extract of antral 
mucosa would stimulate gastric 
acid secretion. He gave the name 
gastrin to this proposed hormone. 
After Komarov substantiated the 
presence of such a hormone, 
Gregory and fellow workers iso- 
lated, characterized, and synthe- 
sized the polypeptide. Gastrin not 
only has an important influence 
on acid secretion, but also plays 
a major role in other gastrointes- 
tinal functions. 

Structure 
Antral gastrin contains 17 amino 
acids. It is remarkable that a 4 
amino acid segment, the carboxyl 
terminal portion, can reproduce 
all the activities of which the 
whole molecule is capable. 
Gastrin and feedback 
mechanism of acid secretion 

Gastrin is produced primarily by 
the mucosal cells in the gastric 
antrum, the distal non-acid se- 
creting portion of the stomach. 
The hormone stimulates the pari- 
etal cells in the fundus and body 
of the stomach to produce acid, 
and a negative feedback mecha- 
nism is initiated. Acid bathing 
the antrum acts directly on the 
gastrin-producing cell to inhibit 
release of the hormone. | 








Julian Katz, M.D. 
Assistant Professor of 

Medicine and Director, 

Clinical Research Laboratory. 
Section of Gastroenterology, 
Medical College of Pennsylvania 


an updated look at an important hormone 





gastrin. The sphincter muscle is 
more sensitive to the effects of 
gastrin than adjacent esophageal 
muscle. The efficacy of antacid 
therapy in reflux esophagitis may 
be due, in part, to the release of 
antral gastrin. Antacids neutral- 
ize gastric acid and raise the pH 
in the antrum. The gastrin which 
is then released increases the 
strength of the sphincter, which 
acts as a barrier against reflux. 


Some other actions of gastrin 


Beyond gastrin's prime role as a 
stimulator of gastric acid produc- 
tion, gastrin also acts on other 
parts of the G.I. tract. On the 
stomach, to stimulate (albeit 
weakly) pepsin production and in- 
crease gastric antral motility. On 
the pancreas, by stimulating en- 
zyme secretion. On the liver, by 
increasing the flow of bile. On the 
intestine, by inhibiting absorp- 
tion of water and electrolytes, and 
—possibly—increasing motility. 
And, on the ileocecal sphincter, 
by relaxing it (contrary to its ac- 
tion on the gastroesophageal 
sphincter), and perhaps contrib- 
uting to the gastro-colic reflex. 


Excessive gastrin production 


It would be expected that if the 
stomach could not produce acid, 
gastrin release would continue 


unabated. Indeed such is the case 
" ‘in pernicious anemia, where there 
* is achlorhydria, and s 


lation of the receptor, and thus 
occlude the site. 
a service by William H. Rorer, Inc., and does not imply physician endorsem int of any product. 






linization of the antrum, vagal 
stimulation, and mechanical dis- 
tension of the antrum all provoke 
gastrin release. 

In the Zollinger-Ellison syn- 
drome the radioimmunoassay of 
gastrin may be the best diagnos- 
tic technique. The islet-cell tumor 
produces large amounts of gas- 
trin, leading to gastric hyperse- 
cretion and often intractable ulcer 
disease. Another situation in 
which gastrin levels may be high, 
is when the antrum is retained 
after gastric resection. Here the 
antrum is removed from the in- 
hibitory effects of acid, and hy- 
persecretion of gastrin occurs. 

Some therapeutic implications 
Obviously surgical removal of the - 
antrum will lower gastric secre 
tion as therapy for peptic ulcer 
disease. But other ways of antag- 
onizing gastrin are being inves- 
tigated. Some substances havea 
close structural similarity to thé 
gastrin molecule. For example, ES 
cholecystokinin, the intestinala 
hormone, and caerulein, a mate- 
rial extracted from the skin of 
amphibians, contain in theig 
structure a sequence of aming 
acids identical to the active tel 
minal portion of gastrin. Thé 
substances are competitive iim 
hibitors of gastric secretion. They 
combine with the receptor site for 
acid secretion, cause little’stimu- 
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Keys 

. Gastrin-producing cells in antrum begin 
secreting in response to elevated pH of stomach. 

. Gastrin stimulates parietal cells in body 
and fundus to secrete gastric acid. 

. Contraction of gastroesophageal sphincter 
facilitated by gastrin. 

. Resulting HCI, produced by parietal cells, 
inhibits further release of gastrin. 


The pleasant 


answer to 
unpleasant 
problems of 
hyperacidity 


Ever since Camalox was introduced, 
physicians have been making the dis- 
covery that here, indeed, is an ant- 
acid that does what an antacid is 
designed to do, 

And does it most agreeably. 

It neutralizes excess acid—associ- 
ated with peptic ulcer, gastritis, 
esophagitis, hiatal hernia and heart- 
burn. 

Fast. And thoroughly. 

Consider the patient suffering from 
hiatal hernia, with accompanying 
esophageal reflux—it is postulated 
that the release of gastrin during ant- 
acid alkalinization of gastric contents 
may help the gastroesophageal 
sphincter constrict, thereby helping to 
stop reflux and subsequent heartburn. 


There’s something else: Non-con- 
stipating Camalox, with its balanced 
formulation made by a special proc- 
ess*, is smooth, non-gritty. These 
qualities, together with its refreshing 
vanilla-mint flavor, make it easy to 
take. The first time. Or the hundredth. 

And considering that many patients 
have to spend weeks, months—even 
years—on antacid therapy, this is no 
small consideration. 

Next time you've got a patient with 
hyperacidity, prescribe Camalox. 

It's the pleasant answer...to an un- 
pleasant condition. 


Composition: Balanced formulation of magne- 
sium and aluminum hydroxides with calcium 
carbonate. 

Indications: As an antacid in the treatment and 
management of peptic ulcer, gastritis, gastric 
hyperacidity, hiatal hernia, peptic esophagitis, 
heartburn, indigestion, and upset stomach. 
Warning: Camalox should not be used in pa- 
tients who are severely debilitated or suffer- 
ing from kidney failure. 

Supplied: Camalox Tablets—bottles of 50 tab- 
lets and boxes of 100 tablets (in foil strips). 
Camalox Suspension—white liquid in conven- 
ient 12 fluid ounce plastic bottles and eco- 


nomical 16 ounce (pint) bottles. 
*Patent pending 


Camalox 


magnesium and aluminum hydroxides 
with calcium carbonate 


R 


WILLIAM H. RORER, INC. |RoRen 


Fort Washington, Pa. 19034 LR 





Y 
ou “There should be a law against 
four-hour procedures...and patients who are 


World 60 pounds overweight...but her vital signs 
are steady, so she should be all right 











Part of 
Your World 


before surgery 


calms rapidly; quickly readies patients for 
smooth induction of anesthesia 


gently allays anxiety to permit sound sleep 
the night before surgery 


physically compatible with most preanesthetic 
medications 


narcotic requirements are often reduced 
up to 50 per cent 


during surgery 


seldom impairs vital signs—respiratory 
depression and hypotension are rare 


not known to aggravate or 
obscure incipient shock 


does not cause CNS cortical depression 


after surgery 


effectively controls postoperative nausea 
and vomiting 


sedative hangover is not characteristic, although 
occasional drowsiness has been reported 


oral forms available for postoperative care, 
during recovery in hospital, and at home 


Pfizer LABORATORIES DIVISION 
PFIZER INC., NEW YORK, N.Y 10017 


Please turn page for Brief Summary including adverse 
reactions, contraindications and precautions 
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Vistaril 


HYDROXYZINE HCI 


Intramuscular Solution 


the most widely used 
parenteral calming agent 


BRIEF SUMMARY 
Contraindications: Hypersensitivity to hydroxyzine. The 
solution for intramuscular use must not be injected sub- 
cutaneously, intra-arterially, or intravenously. 
Hydroxyzine, when administered to the pregnant 
mouse, rat, and rabbit induced fetal abnormalities in 
the rat at doses substantially above the human thera- 
peutic range. Clinical data in human beings are in- 
adequate. Until adequate data are available to 
establish safety in early pregnancy, hydroxyzine is con- 
traindicated during this period. 
Precautions: HYDROXYZINE MAY POTENTIATE THE ACTION 
OF CENTRAL NERVOUS SYSTEM DEPRESSANTS SUCH AS 
NARCOTICS AND BARBITURATES. In conjunctive use, 
dosage for these drugs should be decreased as much 
as 50%. Because drowsiness may occur, patients should 
be cautioned against driving a car or operating dan- 
gerous machinery. The usual precautions for intramus- 
cular injection should be followed; soft-tissue reactions 
have rarely been reported when proper technique has 
been used. Hydroxyzine intramuscular solution should 
be injected well within the body of a relatively large 
muscle. In adults, the preferred sites are the upper outer 
quadrant of the buttock (i.e., gluteus maximus), or the 
mid-lateral thigh. In children, preferably the mid-lateral 
muscle of the thigh. In infants and small children, the 
upper outer quadrant of the gluteal region should only 
be used when necessary, as in burn patients, in order 


to minimize the possibility of damage to the sciatic 
nerve. The deltoid area should be used only if well 
developed, such as in certain adults and older 
children, and only with caution to avoid radial nerve 
injury. Injections should not be made in the lower and 
middle thirds of the upper arm. Aspiration is neces- 
sary to help avoid intravascular injection. 
Adverse Reactions: Drowsiness may occur; if so, it is 
usually transitory and may disappear in a few days of 
continued therapy or upon dosage reduction. Dryness 
of the mouth may occur with higher doses. Involuntary 
motor activity, including rare instances of tremor and 
convulsions, has been reported, usually with higher 
than recommended dosage. 
Supply: Vistaril (hydroxyzine pamoate) Capsules: 
Equivalent to 25 mg., 50 mg., 100 mg. hydroxyzine HCI. 
Vistaril (hydroxyzine pamoate) Oral Suspension: Equiv- 
alent to 25 mg. hydroxyzine HCI per 5 cc. teaspoonful. 
Vistaril (hydroxyzine HCl) Intramuscular Solution: 
25 mg./cc.—40 cc. vial; 50 mg./cc.—2 cc. and 10 cc. 
vial; Isoject? 25 and 50 mg. per cc., 1 cc. per unit; 100 
mg./2 cc. unit. 

More detailed professional information available on 


request. 





Revised January, 1970 


Pfizer, LABORATORIES DIVISION 
PFIZER INC., NEW YORK. N.Y. 10017 
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For the busy surgeon . . . an up-to-date review 
of recent progress 


THE SURGICAL MANAGEMENT 
OF VASCULAR DISEASES 


Edited by Henry Haimovici, M.D. With 24 Contributors. 


This timely book provides a comprehensive overview of the 
latest diagnostic methods and therapeutic procedures for some 
of the most important venous and arterial diseases amenable to 
surgical correction. 


Chapters in this well-organized work range from Plication of the 
Inlerior Vena Cava for Prevention of Pulmonary Embolism to 
Surgical Indications in Renovascular Hypertension. Illustrated 
chapters were contributed by authorities in fields of vascular 
surgery, thoracic surgery, internal medicine, cardiology, hema- 
tology, and radiology. Clinically-sound conclusions are presented, 
based upon data from long-term follow-ups and the recent emerg- 
ence of standardized techniques and surgical indications. 


Everyone concerned with the limits and advantages of vascular 
surgery will benefit from the important material that fills the 
pages of this helpful book. 


260 Pages e 155 Illustrations 1970 
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No place for vomiting 
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Tigan z 


(rimethobenzamide HC) 


When she cannot retain fluid and medication 
during the postoperative period 
Vomiting can become a serious problem, to be prevented if possible. 


It may interfere with postsurgical procedures, obviate oral medication, 
cause fluid and electrolyte loss and slow your patient's recovery. 


Specific antinauseant /antiemetic action 


A single injection of Tigan® (trimethobenzamide HCI) I.M. may help 
to control emesis, often before it starts. Tigan is neither a phenothiazine 
nor a tranquilizer. It is designed for one purpose only—the control of 
nausea and vomiting. Even during an active episode. 


Prompt, gentle action 


Sometimes a single dose will serve to check the vomiting episode. More 
than 10 years of clinical experience attest to the safety and usefulness 
of antiemetic Tigan for your postoperative patient. 

Although occasional hypersensitivity reactions and Parkinson-like 
symptoms have been reported, side effects are generally uncommon and 
seldom require withdrawal of therapy. 


Available in three convenient forms 


Tigan’s three dosage forms, ampuls, capsules and suppositories, offer 
flexibility of administration to meet every clinical need. Usual adult 
dosage is: 

_Tigan Injectable—2 ml (200 mg) ż.i.d. or g.i.d. I.M. 
Tigan Capsules—one 250-mg capsule 7.4.4. or q.i.d. 
Tigan Suppositories—one 200-mg suppository ¢.1.d. or q.i.d. 


NOTE; Injectable form for I.M. administration only. 

When vomiting is not in your 
postoperative patient’ best interests, 
Tigan (trimethobenzamide HCD) may be. 


ete 


Before prescribing, please consult 
complete product information, a 
summary of which follows: 


Indications: Control of nausea and 
vomiting. 

Contraindications: Hypersensitivity to 
trimethobenzamide; injectable in children; 
suppositories in premature or newborn 
infants and in patients with known 
sensitivity to benzocaine or similar local 
anesthetics. 


Warnings: Drowsiness may occur; patient 
should not drive or operate machinery 
until response is determined. Safety in 
pregnancy or in nursing mothers has not 
been established. 


Precautions: During acute febrile 
illness, encephalitides, gastroenteritis, 
dehydration and electrolyte imbalance, 
especially in children, the elderly or 
debilitated, CNS reactions have been 
reported with and without use of 
antiemetic agents. In such disorders 
exercise caution in administering Tigan 
(trimethobenzamide HCI), particularly 
together with other CNS-acting agents. 
Severe emesis should not be treated with 
an antiemetic drug alone; where possible 
establish cause of vomiting. Direct pri- 
mary emphasis toward restoration of 
body fluids and electrolyte balance and 
relief of fever and causative disease 
process. Avoid overhydration which may 
result in cerebral edema. Antiemetic effects 
may impede diagnosis of such conditions as 
appendicitis and obscure signs of toxicity 
from overdosage of other drugs. 


Adverse Reactions: Occasional reports of 
hypersensitivity reactions and Parkinson- 
like symptoms; rare occurrences of blood 
dyscrasias, blurring of vision, coma, 
convulsions, depression of mood, diarrhea, 
disorientation, dizziness, drowsiness, 
headache, jaundice, muscle cramps and 
opisthotonos have been reported. Allergic- 
type skin reactions have been reported; 
discontinue use at first sign of sensitization. 
Hypotension has been reported after 
parenteral use. 


Roche Laboratories 
Division of Hoffmann-La Roche Inc. 
Nutley, N.J. 07110 
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..and want to do 1t as seldom 


as possible 
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With ARISTOSPAN, you minimize trauma to the joint because unnecessary 
intra-articular injections can be avoided. Since ARISTOSPAN is the least 
soluble of all injectable corticosteroids, it can be expected to be absorbed 

slowly from the injection site in intra-articular therapy of rheumatoid arthritis 


and osteoarthritis. 


..and want to do it appropriately 


equipped 


With the new LEDERJECT® syringe, you reduce the risk of contamination 
to a minimum—at a time when strict aseptic technique is essential. 

What's more, the disposable syringe makes intra-articular injection 

more convenient than ever before (supplied without needle so that 

you can make your own selection—convenient syringe guard is provided 


to facilitate injections). 


ARISTOSPAN 


TRIAMCINOLONE HEX ACETONIDE (20 mg./cc.) 


The corticosteroid 


specifically designed for 


intra-articular use 


ARISTOSPAN Triamcinolone Hexacetonide 


Contraindications: Do not give intravenously. (Absolute) Active, la- 
tent or questionably healed tuberculosis; ocular herpes simplex; acute 
psychosis. Hypersensitivity to any component. (Relative) Active pep- 
tic ulcer; acute glomerulonephritis; myasthenia gravis; osteoporosis; 
fresh intestinal anastomoses; diverticulitis; thrombophlebitis; psychic 
disturbances; diabetes mellitus; hyperthyroidism; acute coronary ar- 
tery disease; hypertension; limited cardiac reserve; local or systemic 
(including fungal and exanthematous) infections; pregnancy, particu- 
larly during the first trimester; when previous injections have pro- 
duced local atrophy; in the presence of infection in or near the der- 
matologic lesions to be injected. In above, consider the risks against 
anticipated gains. 
Warning: Unilateral blindness has been reported following steroid 
injection in the scalp (extremely rare). Weigh possible benefits against 
possible risks when injecting into facial or scalp region. 
Precautions: Upon anaphylactoid or other severe reactions or idiosyn- 
crasy, discontinue therapy; take proper measures, Withdraw gradually 
after prolonged treatment. When patients on ARISTOSPAN or up to 
two years after discontinuance, are subjected to unusual stress 
(trauma, surgery), consider use of a soluble corticosteroid. Cortico- 
steroid therapy may obscure symptoms of developing infection; if it 
occurs, treat appropriately. Growth suppression of children is possible 
during prolonged use. Corticosteroid therapy provides symptomatic 
treatment and does not obviate the need for conventional measures. 
Intralesional, Sublesional Use: Overdosage (single, or repeated injec- 
tions into the same intralesional site) may produce local subcutaneous 







LEDERJECT 


Disposable Syringe 


Triamcinolone Hexacetonid: 
1 cc. in 2 ce. syringe to allow 
room for diluents 

(also available 

in 1 and 5 cc. vials) 


atrophy, delaying recovery for several months. Avoid entering a bloo 
vessel. 

Adverse Reactions: Intralesional, Sublesional: (Most troublesome 
Subcutaneous atrophy at injection site (usually due to frequency ¢ 
injection, overdosage, inadequate dilution, too great a volume). Loci 
effects: abscess, erythema, pain, swelling, necrosis, intradermal calcif 
cation at injection site, hypopigmentation, hyperpigmentation. System: 
effects: infrequent, but possible: depression of appetite (in contrast t 
voracious appetite ordinarily encountered with other glucocorticoids 
mood depression (most common corticosteroids may cause euphoria) 
mild early diuresis making edema uncommon (common glucocorticoid 
cause sodium retention and edema); myopathy with muscle weaknes 
involving thighs, pelvis and lower back (may occur more frequentl 
than with other corticosteroids). General glucocorticoid effects. Cust 
ingoid changes such as: acne, flushing, moon face, hirsutism, etc.; endc 
crinologic effects such as amenorrhea, menstrual irregularity, aggrava 
tion of pre-existing and/or precipitation of latent diabetes mellitus 
skeletal changes such as osteoporosis, spontaneous fractures, asepti 
necrosis of hip, humerus, and metacarpals; psychic disturbances, in 
somnia, headache, increased intracranial pressure with papilledem 
(pseudotumor cerebri), convulsions; exophthalmos, increased intraocu 
lar tension, subcapsular cataracts; peptic ulcer with possible perfora 
tion and hemorrhage; ulcerative esophagitis; thromboembolic diseasi 
ecchymoses, purpura, leukopenia; negative nitrogen balance; hyper 
tension; and rarely, necrotizing angiitis and acute pancreatitis. Thes 
systemic effects are unlikely to occur when drug is used as recommende 


ec LEDERLE LABORATORIES, A Division of American Cyanamid Company, Pearl River, New York 1096 
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lixonevialofELASE 
owder with 50 to 
00 ml. of sodium chlo- 
ide solution and satu- 
ate strips of fine-mesh gauze 

vith the ELASE/saline solution. 


llow gauze to dry in contact 
ith the lesion (approximately six 

) eight hours). As the gauze dries, 
7e necrotic tissues slough and 
ecome attached to the gauze mesh. 









Pack the ulcerated area with 
the ELASE-saturated gauze 
strips...making sure the satu- 
rated gauze remains in contact 
with the necrotic substrate. (If the 
lesion is covered with a heavy eschar, | 
it must be removed surgically before 
wet-to-dry debridement is begun.) 






Remove dried gauze. This 
mechanically debrides the 
area. Repeat wet-to-dry 
procedure three to four 
times daily since frequent 
dressing changes greatly 
enhance results. 

Note: After two, three, or four 
days of ELASE wet-to-dry 
dressings(dependingonseverity 
of lesion), the area becomes free 
of necrotic material and starts to 
fill in with granulation tissue. 


the new way is 
wet-to-dry 
... debridement with 


Elase solutic n 


(fibrinolysin and desoxyribonuclease, 
combined [ bovine} ) 








INDICATIONS: Elase is indicated 
for topical debridement in general 
surgical wounds, ulcerative 
lesions, burns, circumcision and 
episiotomy, and in cervicitis and 
vaginitis. Elase is used as an irri- 
gating agent in infected wounds, 
otorhinolaryngologic wounds, and 
superficial hematomas (except 
when the hematoma is adjacent to 
or within adipose tissue). 


CONTRAINDICATIONS: Elase is 
contraindicated in individuals 
with a history of hypersensitivity 
reactions to any of the compo- 
nents. Elase is not recommended 
for parenteral use since the bovine 
fibrinolysin may be antigenic. 


PRECAUTIONS: The usual precau- 
tions against allergic reactions 
should be observed, particularly 
in persons with a history of sensi- 
tivity to materials of bovine origin 
or to mercury compounds. 

To be maximally effective, Elase 
solutions must be freshly pre- 
pared before use. The loss in 
activity is reduced by refrigera- 


PARKE-DAVIS 


tion; however, even when stored 
in a refrigerator, the solution 
should not be used 24 hours or 
more after reconstitution. 


ADVERSE REACTIONS: Side 
effects attributable to the enzymes 
have not been a problem at the 
dose and for the indications 
recommended. With higher con- 
centrations, local hyperemia may 
be a side effect. 


HOW SUPPLIED: Elase (powder) 
is supplied dried in 30-cc. rubber- 
diaphragm-capped vials contain- 
ing 25 units (Loomis) of fibrinolysin 
and 15,000 units (modified 
Christensen method) of desoxyri- 
bonuclease with 0.1 mg. thimerosal 
(mercury derivative). 

Elase Ointment is supplied in 
30-Gm. tubes containing 30 units 
(Loomis) of fibrinolysin and 
20,000 units of desoxyribonu- 
clease with 0.12 mg. thimerosal 
and in 10-Gm. tubes containing 
10 units of fibrinolysin and 6,666 
units of desoxyribonuclease with 
0.04 mg. thimerosal. 










ONE VIAL 


FIBRINOLYSIN AND DESUN 
RIBONUCLEASE, COMBIND 
(BOVINE) 
CAUTION — Federal law prahi 
dispensing without prescripto 


Store st no warmer 
30*C. (86°F,). 


PARKE-DAVIS 


Stock 21-256-1 
UE 


Parke, Davis & Company, Detroit, Michigan 48232 HF 


PA 593 


102171 
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Indications: Primarily for treatment of infections due to susceptible 
strains of Pseudomonas aeruginosa, Proteus species (particularly indole- 
positive strains), and certain Escherichia coli. Clinical effectiveness has 
been demonstrated in the following infections when due to these orga- 
nisms: Urinary tract infections; severe systemic infections and septice- 
mia; acute and chronic respiratory infections (while clinical improvement 
has been shown, bacteriologic cures cannot be expected in patients with 
chronic respiratory disease and cystic fibrosis); soft tissue infections. 


Although GEOPEN (disodium carbenicillin) is indicated primarily in gram- 
negative infections, its activity against gram-positive organisms should 
be kept in mind when both gram-positive and gram-negative organisms 
are isolated (see Actions). 


NOTE: During therapy, sensitivity testing should be repeated frequently 
to detect the possible emergence of resistant organisms. 


Actions: Organisms found to be susceptible /n vitro include: 
GRAM-NEGATIVE ORGANISMS 2s. aeruginosa, Proteus mirabilis, Pr. morganii, 
Pr. rettgeri, Pr. vulgaris, E. coli, Enterobacter species, Salmonella species, 
Hemophilus influenzae, and Neisseria species. 

GRAM-POSITIVE ORGANISMS—Staphylococcus aureus (nonpenicillinase- 
producing), Staph. albus, Diplococcus pneumoniae, beta-hemolytic strep- 
tococci, and Streptococcus faecalis. 

Some newly emerging pathogenic strains of Herellea, Mima, Citrobacter, 
and Serratia have also shown /n-vitro susceptibility. 

Not stable in the presence of penicillinase. Most K/ebsie/la species 
are resistant. Some strains of Pseudomonas have developed resistance 
fairly rapidly. 

Contraindications: Known penicillin allergy. 

Warnings: Serious and occasional fatal hypersensitivity (anaphylactic) 
reactions have been reported in patients on penicillin therapy. These 
reactions are more apt to occur in individuals with a history of sensi- 
tivity to multiple allergens. 

Observe patients with renal impairment for bleeding manifestations and 
adhere strictly to dosage recommendations; if bleeding manifestations 
appear, discontinue antibiotic and institute appropriate therapy. 

There have been reports of individuals with a history of penicillin hyper- 
sensitivity reactions who have experienced severe hypersensitivity 
reactions when treated with a cephalosporin. Before therapy with a 
penicillin, careful inquiry should be made concerning previous hyper- 
sensitivity reactions to penicillins, cephalosporins, and other allergens. 
If an allergic reaction occurs, appropriate therapy should be instituted 
and discontinuance of disodium carbenicillin therapy considered, unless 
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the infection is life threatening and only amenable to disodium carbeni- 
cillin therapy. The usual agents (antihistamines, pressor amines, and 
corticosteroids) should be readily available. 

Usage in Pregnancy: Safety for use in pregnancy has not been established. 
Precautions: As with any other potent agent, it is advisable to check 
periodically for organ-system dysfunction, including renal, hepatic, and 
hematopoietic systems, during prolonged therapy. Emergence of resist- 
ant organisms, such as K/ebsiella species and Serratia species, which 
may cause superinfection, should be kept in mind. Each gram contains 
4.] mEq sodium; in patients where sodium restriction is necessary, 
such as cardiac patients, periodic electrolyte determinations and mon- 
itoring of cardiac status should be made. As with any penicillin prepara- 
tion, the possibility of an allergic response, including anaphylaxis, may 
occur, particularly in a hypersensitive individual. 

Intramuscular injections should be made well within the body of a rela- 
tively large muscle (not into the lower and mid-third of the upper arm), 
and aspiration is necessary to help avoid inadvertent injection into a 
blood vessel. Intravenous infusion should be given as slowly as possible. 
Reconstituted solution should be discarded after 24 hours if stored at 
room temperature, after 72 hours if refrigerated. 

Adverse Reactions: Hypersensitivity Reactions—Skin rashes, pruritus, 
urticaria, drug fever, and anaphylactic reactions. Gastrointestinal Distur- 
bances—Nausea. Hemic and Lymphatic Systems—Anemia, thrombocytopenia, 
leukopenia, neutropenia, and eosinophilia. B/ood, Hepatic, and Renal 
Studies—SGOT and SGPT elevations have been observed, particularly in 
children. To date, no clinical manifestations of hepatic or renal disorders 
have been demonstrated. Centra/ Nervous System—Convulsions or neuro- 
muscular irritability could occur with excessively high serum levels. 
Other—Pain at the site of injection, rarely accompanied by induration; 
in uremic patients receiving high doses (24 gm/day), hemorrhagic 
manifestations associated with abnormalities of coagulation tests, such 
as clotting and prothrombin time. Vein /rritation and Phlebitis—Partic- 
ularly when undiluted solution is injected directly into the vein. 


How Supplied: Available in 1-gm, 2-gm, and 5-gm vials. 
Before prescribing or administering, see package circular or POR. 


ROeRIG «Z5 


A division of Pfizer Pharmaceuticals 
New York, New York 10017 
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Fourth Edition! 


SURGERY 


Principles and Practice 


By Jonathan E. Rhoads, M.D., D.Sc. (Med), J. Garrott Allen, M.D., 
the late Henry N. Harkins, M. D., Ph.D., and Carl A. Moyer, M.D. 


Strengthened by complete updating, this 
revision emerges as the best of the four 
editions of this classic. You'll find eight 
new contributors, two brand new chap- 
ters and 106 new illustrations. 


The entirely new chapters reflect today’s 
achievements' and directions in surgery: 
Tissue and Organ Transplantation and 
The Molecular Attack on Cancer. 


Chapters extensively revised , include: 
Principles of Hand Surgery; Physiology 
of the Pituitary and Adrenal Glànds; 
Military Surgery; Tumors of the 
Colorectum. 


Anatomic, pathologic, physiologic, and 
biochemical factors relevant to surgical 
practice are interwoven throughout, to 
foster accurate diagnosis and judicious 
operative and postoperative care. 


J. B. LIPPINCOTT COMPANY 
East Washington Square 
Philadelphia, Pa. 19105 


Please send me: 


SURGERY: Principles and Practice ............. ........................................ $24.00 

Nam 

Addres: 

Citya Shite Tipe 
C] Payment Enclosed (I Bill me AS 9/72 


With 36 Contributors 


1864 Pages e 758 Illustrations 


This Fourth Edition continues to ad- 
vance its editors' objectives: to explain, 
understandably and completely, the basic 
principles of surgery. 


FROM REVIEWS 

OF THIRD EDITION... 

56. . the best textbook and general sum- 

mary of surgical practice that has been 

written.” 
—Surgery, Gynecology and Obstetrics 


. should be on the shelf of every 
aspirant for surgical approval. . . ." 
— Group Pràctice 


. should appear on the bookshelves of 
everyone interested in the overall subject of 
surgery." —GP 





e 4th Edition, 1970 e $24.00 
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Think about it 


Benadryl 


Injectable 
diphenhydramine HCl injection 














See next page for prescribing information. 














Think about it 


Benadryl Injectable 
diphenhydramine HCl injection] 





INDICATIONS: Benadryl in the injectable form is effective 
for the following conditions when Benadryl in the oral form 
is impractical: Antihistaminic: For amelioration and pre- 
vention of allergic reactions to blood or plasma in patients 
with a known history of such reactions; in anaphylaxis as 
an adjunct to epinephrine and other standard measures 
after the acute symptoms have been controlled; and for 
other uncomplicated allergic conditions of the immediate 
type when oral therapy is impossible or contraindicated. 
Antiemetic: For active treatment of motion sickness. 
Antiparkinsonism: For use in parkinsonism (including 
drug-induced extrapyramidal reactions), when oral therapy 
is impossible or contraindicated, as follows: parkinsonism 
in the elderly who are unable to tolerate more potent 
agents, mild cases of parkinsonism in other age groups, 
and in other cases of parkinsonism in combination with 
centrally acting anticholinergic agents. 
CONTRAINDICATIONS: This drug should not be used in 
premature or newborn infants. Do not use in patients with: 
Hypersensitivity to diphen- Prostatic hypertrophy 
hydramine hydrochloride Stenosing peptic ulcer 
Asthmatic attack Pyloroduodenal obstruction 
Narrow-angle glaucoma Bladder-neck obstruction 
Preparations containing diphenhydramine hydrochloride 
should not be given to patients receiving monoamine oxi- 
dase inhibitors. 
WARNINGS: Overdosage of antihistamines may produce 
convulsions or death, especially in infants and children. As 
in the case of other preparations containing central ner- 
vous system depressant drugs, patients receiving diphen- 
hydramine hydrochloride should be cautioned about addi- 
tive effects with alcohol and other central nervous system 
depressants (hypnotics, sedatives, and tranquilizers). 
Patients who become drowsy on diphenhydramine hy- 
drochloride should be cautioned against engaging in ac- 
tivities requiring mental alertness, such as driving a car or 
operating heavy machinery or appliances. 
Pregnancy Warning: Although there is no evidence that 
the use of diphenhydramine hydrochloride is detrimental 
to thé mother or fetus, the use of any drug in pregnancy or 
lactation should be carefully assessed. 
As with all anticholinergic drugs, an inhibitory effect on 
lactation may occur. 
Hypersensitivity Warning: Hypersensitivity reactions to 
diphenhydramine hydrochloride including anaphylactic 
shock, are more likely to occur following parenteral ad- 
ministration than oral administration. 
PARKE, DAVIS & COMPANY, Detroit, Michigan 48232 
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PRECAUTIONS: Avoid subcutaneous or perivascular in- 
jection. 

Diphenhydramine has an atropine-like action which 
should be considered when prescribing diphenhydramine 
hydrochioride. Use with caution in patients with a history 
of asthma. 

ADVERSE REACTIONS: The following side effects may 
occur in patients receiving diphenhydramine hydrochlo- 
ride: drowsiness; confusion; nervousness; restlessness; 
nausea; vomiting; diarrhea; blurring of vision; diplopia; 
difficulty in urination; constipation; tightness of the chest 
and wheezing; thickening of bronchial secretions; dryness 
of mouth, nose, and throat; tingling, heaviness, weakness 
of hands; nasal stuffiness; vertigo; palpitation; headache; 
insomnia; urticaria; drug rash; photosensitivity; hemo- 
lytic anemia; hypotension; epigastric distress; anaphylac- 
tic shock. 

DOSAGE AND ADMINISTRATION: Benadryl in the inject- 
able form is indicated when the oral form is impractical. 
CHILDREN: 5 mg/kg/24 hr. or 150 mg/ m?/24 hr. Maximum 
daily dosage is 300 mg. Divide into four doses, adminis- 
tered intravenously or deeply intramuscularly. 

ADULTS: 10 to 50 mg. intravenously or deeply intramuscu- 
larly; 100 mg. if required; maximum daily dosage is 400 mg. 

The basis for determining the most effective dosage 

regimen will be the response of the patient to medication 
and the condition under treatment. 
HOW SUPPLIED: Benadryl for parenteral use is available 
as: A sterile solution containing 10 mg. diphenhydramine 
hydrochloride in each milliliter of solution with 1:10,000 
benzethonium chloride as a germicidal agent. Supplied in 
10-ml. and 30-ml. Steri-Vials (rubber-diaphragm-capped 
vials). 

A sterile solution containing 50 mg. diphenhydramine 
hydrochloride in each milliliter of solution with 1:10,000 
benzethonium chloride as a germicidal agent and q.s. 
sodium hydroxide or hydrochloric acid to adjust.pH. Sup- 
plied in 10-ml. Steri-Vials. 

A sterile solution containing 50 mg. diphenhydramine 
hydrochloride in a 1-milliliter disposable syringe. The pH of 
the solution may have been adjusted with either sodium 
hydroxide or hydrochloric acid. Supplied in packages of 10. 

Sterile solution for parenteral use containing 50 mg. di- 
phenhydramine hydrochloride in a 1-ml. ampoule. Sup- 
plied in boxes of 10. 
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WARNING: Patients treated with GARAMYCIN Injectable should be under close clinical observation because of the potential toxicity 
associated with the use of this drug. 

Ototoxicity, both vestibular and auditory, can occur in patients, primarily those with preexisting renal damage, treated with 
G^RAMYcIN Injectable, usually for longer periods or with higher doses than recommended. 

Garamycin Injectable is potentially nephrotoxic, and this should be kept in mind when it is used in patients with preexisting renal 
impairment. (See Package Insert for other precautions, contraindications, etc.) 

Monitoring of renal and eighth nerve function is recommended during therapy of patients with known impairment of renal function. 
This testing is also recommended in patients with normal renal function at onset of therapy who develop evidence of nitrogen 
ee (increasing BUN, NPN, creatinine or oliguria). Evidence of ototoxicity requires dosage adjustments or discontinuance 
of the drug. 

In event at overdose or toxic reactions, peritoneal dialysis or hemodialysis will aid in removal of gentamicin from the blood. 

Serum concentrations should be monitored when feasible and prolonged concentrations above 12 mcg./ ml. should be avoided. 

Concurrent use of other neurotoxic and/or nephrotoxic drugs, particularly streptomycin, neomycin, kanamycin, cephaloridine, 
viomycin polymyxin B, and polymyxin E (colistin), should be avoided. 

Usage in Pregnancy: Safety for use in pregnancy has not been cstablished. 


Serious Surgical Infections 


» Are the etiologic patterns in hospital-acquired infections changing? 


A. Yes. Although staphylococci are still the most common causative agents in wound infections, gram- 
negative bacteria are becoming more and more significant as causes of certain types of wound 
infections. Klebsiella, Pseudomonas, Proteus, Serratia, and Escherichia coli are implicated with 
increasing frequency. 


* Against which of the above pathogens is GanAMYoIN Injectable effective? 


A. Garamycin Injectable is effective against susceptible strains of all of them. GARAMycIN Injectable 
may be considered an antibiotic for initial therapy in suspected as well as documented gram-negative 
sepsis. GARAMYCIN Injectable has been shown to be effective in serious staphylococcal infections. 

It may be considered in those infections when penicillins or other less potentially toxic drugs are 
contraindicated and bacterial susceptibility testing and clinical judgment indicate its use. (For 
detailed listing of susceptible organisms, see prescribing information on the following page.) 


Adverse Reactions 
* What about adverse reactions to GARAMYCIN Injectable? 


A, As with certain other aminoglycoside antibiotics, neurotoxicity (primarily vestibular) and potential 
nephrotoxicity are risks of therapy (see warning statement on preceding page). With GARAMYCIN — 
Injectable, the risk of toxic reactions is low in patients with normal renal function who do not receive 
the drug at higher doses or for longer periods than recommended. For example, the normal patient 
receiving the recommended single dose will attain a blood level of approximately 4 mcg. /ml.; the 
potentially toxic level is 12 mcg. /ml. Studies concerning the toxicity as outlined above are available 
on request from Schering Laboratories. 
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^ Isit always necessary to adjust dosage to the patient's weight? 


A + No. While the basic daily dosage of GAnAMYCIN Injectable, as recommended in the Product Informa- 
tion Sheet, is 3 mg. /kg./day, administered in three equal doses, many busy physicians prefer to use an 
average dose, 

A new, simplified dosage guideline is provided in recently revised GARAMYCIN Injectable labeling 
which assures adequate serum levels. 

This new dosage, in patients with normal renal function, is easy to calculate and easy to remember. 
Adults weighing 132 pounds or less should receive 1.5 cc. (60 mg.) every eight hours. Adults weighing 
more than 132 pounds should receive 2 cc. (80 mg.) every eight hours. In children and infants and 
patients with impaired renal function, dosage should be adjusted in accordance with instructions set 
forth in the Product Information Sheet. Use in newborns is limited to life-threatening infections. 


* Can Garamycin Injectable be administered intravenously? 


A. . For intravenous use dilute a single dose in 100 or 200 cc. of sterile normal saline (or sterile dextrose 
5% in water); infuse over a period of 1-2 hours. The concentration of GARAMYCIN in solution should 
not exceed 1 mg./cc. (0.1%). 


Clinical Evidence 


* How much clinical usage has Garamycin Injectable had? 


A, Since its introduction in 1969, GARAMycIN Injectable has been administered to more than 750,000 
patients with a variety of serious gram-negative infections. Results have been satisfactory in the vast 
majority of these patients, even in those with life-threatening infections. The antibiotic has been the 
subject of more than 1500 published papers and 12 international symposia. 

GARAMYCIN has also had widespread use in other parts of the world — Canada, South America, 
Europe, Africa, Australia, and Japan. It has been used successfully abroad for nearly 10 years. 


! See Clinical Considerations section which follows... 
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Monitoring of renal and eighth nerve function is recom- 
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evidence of nitrogen retention (increasing BUN, NPN, creati- 
nine or oliguria). Evidence of ototoxicity requires dosage ad- 
justments or discontinuance of the drug. X 

In event of overdose or toxic reactions, peritoneal dialysis or 
hemodialysis will aid in removal of gentamicin from the blood, 

Serum concentrations should be monitored when feasible 
and paplonged concentrations above 12 mcg./ml. should be 
avoided. 

Concurrent use of other neurotoxic and/or nephrotoxic 
drugs, particularly streptomycin, neomycin, kanamycin, ceph- 
aloridine, viomycin, polymyxin B, and polymyxin E (colistin), 
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Indications: GARAMYCIN Jnjectable is indicated, with due regard for 
relative toxicity of antibiotics, in the treatment of serious infections 
caused by susceptible strains of the following microorganisms: Pseudo- 
monas aeruginosa, Proteus species (indole-positive and indole-nega- 
tive), Escherichia coli and Klebsiella-Enterobacter-Serratia species. 
Clinical studies have shown GARAMYCIN Injectable to be effective in 
serious infections of the central nervous system (meningitis), septice- 
mia, urinarw tract, respiratory tract, gastrointestinal tract, skin and 
soft tissue (including burns). Bacteriologic tests to determine the caus- 
ative o isms and their susceptibility to gentamicin should be per- 
formed. Bacterial resistance to gentamicin develops slowly in stepwise 
fashion; there have been no one-step mutations to high resistance. 

In suspected or documented gram-negative sepsis, GARAMYCIN may 
be considered as initial therapy. 'The decision to continue therapy 
with this drug should be based on the results of susceptibility tests, 
the severity of the infection, and the important additional concepts 
contained in the "Warning Box" above. 

GARAMYCIN has been shown to be effective in serious staphylococcal 
infections. It may be considered in those infections when penicillins or 
other less potentially toxic drugs are contraindicated and bacterial sus- 
ceptibility testing and clinical judgment indicate its use. 


Contraindications: A history of hypersensitivity to gentamicin is a 
contraindication to its use. 

Precautions: ‘The concurrent use of gentamicin with potent diuretics 
such as ethacrynic acid should be avoided. Intravenous diuretics may 
cause a rapid rise in gentamicin serum level and potentiate neuro- 
toxicity. Neuromuscular blockage and respiratory paralysis have been 
reported in the cat receiving high doses (40 mg./ kg.) of gentamicin, 
"The possibility of these phenomena occurring in man should be con- 
sidered if gentamicin is administered to patients receiving neuromus- 
cular blocking agents such as succinylcholine and tubocurarine. Treat- 
ment with gentamicin may result in overgrowth of nonsusceptible 
organisms, If this occurs, appropriate therapy is indicated. 


Adverse Rezctions: Nephrotoxicity: Adverse renal effects, as demon- 
strated by rising BUN, NPN, serum creatinine and oliguria, have been 
reported. They occur more frequently in patients with a history of 
renal impairment treated with larger than recommended dosage. Neu- 
rotoxicity: Adverse effects on both vestibular and auditory branches 
of the eighth nerve have been reported in patients on high dosage 
and/or prolonged therapy. Symptoms include dizziness, vertigo, tin- 
nitus, roaring in the ears and hearing loss. Numbness, skin tingling, 
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muscle twitching, and convulsions have also been reported. 

Note: The risk of toxic reactions is low in patients with normal renal 
function who do not receive GARAMYCIN Injectable at higher doses or 
for longer periods of time than recommended. 


Other reported adverse reactions, geri related to gentamicin, 
include serum transaminase (SGOT, SGPT), increased se- 
rum bilirubin, transient hepatomegaly, decreased serum calcium; 
splenomegaly, anemia, increased and decreased reticulocyte counts, 
granulocytcpenia, thrombocytopenia, purpura; fever, rash, itching, 
urticaria, pere burning, joint pain, Jaryngeal edema; nausea, 
vomiting, headache, increased salivation, lethargy and decreased appe- 
tite, weight loss, pulmonary fibrosis, hypotension and hypertension, 


Dosage and Administration: GarAmycin Injectable may be given 
intramuscularly ar intravenously, “~~ T E 

For intramuscular administration in adults with norma] renal func- 
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or less, the usual dosage is 60 mg. (as cc.) three times daily. 

In patients with life-threatening infections, dosages up to 5 mg./ 
kg./day may be administered in three-or four equal doses. This dos- 
age should be reduced to 3 mg./kg./day as soon as clinically indicated. 

*In children and infants and patients with impaired renal function, 
dosage mus: be adjusted in accordance with instructions set forth in 
the Package Insert. Use in newborns should be limited to life-threat- 
ening infections. See Package Insert. 


For Intravenous Administration: The intravenous administration of 
GARAMYCIN Injectable is recommended in those circumstances when 
the intramuscular route is not feasible (e.g., patients in shock, with 
hematologic disorders, with severe burns, or with reduced muscle 
mass). For intravenous administration, a single dose of GARAMYCIN 
Injectable may be diluted in 100 or 200 cc. of sterile normal saline or 
in a sterile solution of dextrose 5% in water; the concentration of 
gentamicin in solution should not exceed 1 mg./cc. (0.1%). The solu- 
tion is infused over a period of 1 to 2 hours. 

Garamycin Injectable should not be physically premixed with 
other drugs, but should be administered separately in accordance 
with the recommended route of administration and dosage schedule. 


How Supplied: GanAMYCIN Injectable, 40 mg./cc.; 2 cc. multiple-dose 
vials, for parenteral administration. MARCH, 1971 
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Infection in Arterial Reconstruction with Synthetic Grafts 


N VASCULAR OPERATIONS—particularly in cases in which 
I synthetic arterial substitutes are used—infection at the 
site of repair is a complication that may pose difficult 
problems of healing and often results in loss of life and 
limb. Such a disastrous complication would provoke the 
growth of a rather massive literature. The published 
reports in this area however, deal principally with moda- 
lities of management.!2.7.9,10,18-21,25,24 Epidemiological as- 
pects of the subject have been lightly touched on; in 
particular, data on the incidence and anatomical dis- 
tribution of these infections as well as the results of treat- 
ment in unselected, clinically comprehensive groups of 
patients are scarce.®1112.18.15 This circumstance leads 
us to believe that a presentation of a survey of the inci- 
dence of infection and the modes of treatment with their 
rate of success in a rather large group of patients with 
reconstructive operations utilizing synthetic arterial pros- 
theses might be useful. 


Clinical Material 


Method of Survey. The survey we wish to summarize 
included all the arterioplastic operations (3347 cases) 
performed on our service from January 1, 1952 to De- 
cember 31, 1971. Follow-up data, as in our previous 
statistical studies, were obtained from the computerized 
information storage of our Vascular Registry. The 
method of collecting data and of the follow-up system 
has been described repeatedly in earlier publications.” 
The completeness of the follow-up in this study was close 
to 100% at the conclusion of the survey (December 31, 
1971). 

Clinical Classification of Infection. We have surveyed 
the infectious processes under three headings, in ac- 
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cordance with the depth of involvement. When only the 
dermis was affected the infection was classified as Grade 
I; in Grade II infections the involvement extended into 
the subcutaneous region but did not invade the arterial 
implant; in the instances called Grade III the arterial 
implant proper was involved in the infection. This dif- 
ferentiation of the extent of involvement is of great prac- 
tical importance since no problem of treatment arose with 
Grade I and Grade II infections, while the management 
of cases with Grade III infection proved to be a task 
of grave and sometimes insurmountable difficulty. (All 
Grade I and Grade II infections healed promptly and 
without significant sequelae; they will not be given fur- 
ther consideration in this exposition.) 


Findings 

Incidence of Infection. The incidence of infection in 
all types of reconstructive arterial procedures performed 
during the period under study js listed in Table 1. The 
significant figures concern Grade III infections. Grade 
III infection, while low in all categories of arterial re- 
construction, was relatively the highest (1.92) with syn- 
thetic prostheses. The triviality of dermal and subdermal 
infections is well illustrated by the figures related to 
their incidence in autogenous vein grafts, in which the 
incidence of superficial infections was rather high (as 
would be expected from the characteristics of the in- 
cision) but the incidence of infections that led to deep 
complications was one of the lowest. 

It should be noted that the figures in Table 1 include 
not only patients in whom the infections developed after 
operations performed by us, but also patients referred 
to us with established infection of the prosthesis. This 
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TABLE 1. Incidence of Wound Infection by Type of Implant 
Incidence of Infection 

; l Grade I _ Grade II Grade III Total 
. Type of Reconstruction No. of Oper. No. o5 No. 7] No. 96 No. VA 
Synthetic Prostheses* 2145 36 1.7 43 2.0 40 1.9 119 5.5 
Autogenous Vein Grafts 445 12 2.7 30 6.7 2 0.4 44 9.9 
Endarteriectomies 492 1 0.2 5 1.0 1 0.2 7 1.4 
Arterial Allografts 265 0 0.0 3 1.1 1 0.4 4 1.5 

Total 3347 49 1.5 81 (24 44 1.3 174 5.2 





* Referred cases included. 


obviously increases the total percentage of serious in- 
fections and, therefore, does not accurately reflect the 
true incidence of infection in our own cases. 

The incidence of infection in the group of prosthetic 
implants according to the anatomical site of placement 
is displayed i in Table 2. Over 90% of these prostheses were 
woven Dacron tubes developed in our laboratory and 
formerly described in detail?? The significant data are 
again those in the column representing the rates of in- 
cidence in Grade III infections. Even on superficial 
scrutiny it is evident that there is a significant variation 
in the incidence of infection between the operations in 
which at least one line of anastomosis was at the inguinal 
level and those in which the sites of placement were out- 
side the inguinal region. It can be seen, for example, 
that the incidence was 3.0% in the femoro-popliteal and 
0.7% in the aorto-iliac site of placement. Infections in 
the aorto femoral site of placement ranked second in 
frequency, with an incidence of 1.6%. One must bear in 
mind that the component of the sum of infections with 
plastic prostheses due to femoro- -popliteal plastic im- 
plants shown ïn this table has for the past 12 years been 

` completely eliminated from our current practice owing 
to the discontinuation in the late 1950s of the use of 
plastic implants in the femoro-popliteal anatomical area. 


In Table 3 the changing incidence of infection is 
shown by 5-year periods. There was a gratifying reduc- 
tion of the incidence of infection from 1.7 to 1.1% from 
1955 to 1971. 

In what follows, our interest will be confined to the 33 
instances of Grade III infection that occurred under our 
own management and to the seven additional patients 
which were referred to us for treatment after the estab- 
lishment of the process of infection following operations 
performed elsewhere. 

Clinical Features. Some important clinical features of 
the cases are listed in Tables 4, 5 and 6. A scrutiny of 
the time interval between the operation and the clinical 
appearance of the infection (Tables 4 and 5) reveals 
interesting facts. This interval varied widely, namely, 
from a few days to 60 months. It is particularly notable 
that in seven instances the onset of infection followed the 
operation by 13 to 60 months. In 65% of the cases, how- 
ever, the infection was detected in the immediate post- 
operative observation period. 

On analyzing the various sources of infection (Table 
5), we found that the most common factor resided in the 
dermis and in particular in the dermis of the inguinal 
region. Of the 40 patients the inguinal skin appeared to 
be the source of infection in 23. The infection originated 


TABLE 2. Incidence of Wound Infection. with Prosthetic Impiants by Site of Insertion 





Incidence of Infection 








Grade I . Grace II Grade III Total 
Site of Placement No. of Oper. No. % No. 96 No. % No. % 
Aorto-Iliac 418 7 1.6 12 2.9 3 0.7 22 5.3 
Aorto-Femoral 1244 16 1.3 18 1.4 20 1.6 54 4.3 
Femoro-Femoral 110 2 1.8 4 3.6 1 0.9 7 6.4 
Femoro-Popliteal 270 11 4.1 6 2.2 8 3.0 25 9.3 
Other (Intrathoracic, carotid, 96 0 0.0 3 3.1 1* 1.0 4 4.2 
renal, etc.) 

Total 2138 36 1.7 43 2.0 33 1.5 112 5.2 





* Aorto-subclavian bypass. 


Note: (1) 98% of the prostheses were woven tubes of Helanca-Dacron (Szilagyi-Sidebotham). 


(2) Referred cases not included. 
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in a hollow viscus in only eight patients, and in only 
one case was it definitely proven to be hematogenous. 
With respect to the extent of spread of infection from 
its site of origin, as will be seen presently, when the 
inoculation occurred in the inguinal region, the infection 
had a tendency to confine itself to the distal segment of 
the aorto-femoral placements. 

Upon investigating the possible local factors pre- 
disposing to infection (Table 6), we could detect no 
significant trend. Diabetes with or without ischemic tis- 
sue changes, as well as obesity, had a predictable but 
relatively slight role in initiating wound infection. In 27 
cases no such factor could be found. One must assume 
that in these instances the infecting organism was intro- 
duced in some manner during operation. 

Pathogenic Organisms. Antibiotics Used. A wide 
variety of organisms were cultured from the wounds 
(Table 7), and it is noteworthy that the common skin 
contaminants, namely Staphylococci, occurred almost 
exclusively in infections that appeared to originate in 
the inguinal region. On the other hand, Escherichia coli 
was found predominantly in the infections involving the 
graft in the aorto-iliac site of placement, where the 
source of infection was a perforated hollow viscus. 

Antibiotics were used in all but three instances post- 
operatively as soon as the infection was detected (Table 
4). Often combinations of antibiotics had to be em- 
ployed. It must be stressed that no patient received 
antibiotics as preoperative or postoperative prophylactic 
medication. 

Extent of Involvement of Implant. The extent and 
sequence of spread of the infectious process in the vari- 
ous segments of aorto-femoral and aorto-iliac prostheses 
have an important bearing on therapeutic success (Table 
8a). In the five aorto-iliac grafts that became infected, 
the infection remained confined to the shaft of the graft, 
in one case engulfing the proximal anastomosis, In the 
aorto-femoral grafts the infection always involved the 
limbs, most commonly being limited to one limb but 
occasionally spreading to the other limb. As manifested 
by clinical signs, both limbs became involved simul- 
taneously in only one instance. It was quite rare in an 
aorto-femoral prosthesis that the infection commenced 
and remained at the level of the shaft. These findings, 
again emphasize the importance of the inguinal area as 
a potential source of infection, 

Another aspect of extent and location of involvement 
is emphasized by Table 8b. When those cases of aorto- 
ileo-femoral operations are grouped together in which the 
proximal anastomosis was involved in the infection, there 
was no survival. There was a rather small but perceptible 
difference in survival between the cases in which involve- 
ment of the distal anastomosis was present and those in 
which no anastomosis was involved, in the last named 


INFECTION IN ARTERIAL SYNTHETIC GRAFTS 


TABLE 3. Incidence by Time Pertods 





Incidence of Infection (%) 








Time Period No. of Oper. Gradel Grade II Grade III 
1955-60 464 1.9 0.9 1.7 
1951-65 661 0.5 2.9 24 
1966-71 1013 2.7 2.5 14 





case the survival having been somewhat better. The trend 
was similar in femoro-popliteal operations, which are very 
seldom life-threatening. The tabulation shows that when 
the proximal or distal anastomosis was involved an ap- 
preciable percentage of amputations had to be performed, 
while without anastomotic involvement, in a single case, 
recovery was complete. 

Treatment. A wide variety of surgical. procedures 
was employed (Tables 9a, 9b and 9c). This technical 
diversity, which in fact defies systematic classification, 
was the result of complications which the surgeon had 
to face as they arose. Until sufficient experience had 
accumulated, it was impossible to recognize common 
features—presumably amenable to methods of approach 
based on shared principles—in such puzzling situations. 
Thus, the early methods of surgical management were 
improvisations, each divised for handling a unique di- 
culty. As familiarity with the problems grew, the com- 
mon characteristics of the natural history of prosthetic 
infectións became gradually visible; this in turn allowed 
the development of principles of management with a fair 
degree of general applicability. These principles will be 
briefly described below. It hardly is necessary to point 
out that the experience of other surgeons was similar. 
Neither the spirit of improvisation nor the methods im- 
provised and described can be exclusively credited to 
the present authors. 

As one scans the lists of surgical procedures and their 
results, one must avoid the tendency to place them on a 
scale of efficacy in terms of success or failure recorded in 
the tables. In fact, these procedures—with the conspicu- 
ous exception of simple ligation of the aorta, which was 
uniformly disastrous—possess various degrees of suita- 
bility to diverse problems, and it is now possible to 
state in fairly precise terms their probability of suc- 
cess in future situations. But these determinations are 
based on general considerations of the total experi- 
ence gathered to date rather than on statistical compari- 
son of past success rates. 

Though the early approach to the management of 
these problems, for want of firm guiding principles, was 
hesitant, it had a quality that remains indispensable: ag- 
gressiveness. Only one patient in the group died (of 
hemorrhage) without operative treatment. 

Results. Table 11 summarizes the results of treatment 
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TABLE 5. Sources of Infection 





Site of Placement 











F-P 
Source of Infection A-I A-F F-F Others Total 

Inguinal — 16 7 — 23 

Dermis) Femoral — — 3 — 3 
Thoracic — —. — 1 1 
Duodenum 3 2 — — 5 

Viscus 4 Small Intestine 1 1 — 2 
Ureter — 1 — en 1 
Retroperitoneal tissue 1 3 — — 4 
Hematogenous — 1 — — 1 
Total 5 24 10 1 40 





Note: Interval between operation and onset: immediate, 26 (65.0%); 
1-12 months, 7 (17.5%); 13-60 months, 7 (17.5%). 


of the 40 cases in terms of recovery, amputation and 
death, and by anatomical site of placement of the pros- 
thesis. Among the aorto-iliac cases, three out of five pa- 
tients recovered fully. Among the 19 aorto-femoral in- 
stances, on the other hand, only five recovered fully and 
three others, although recovered, had to undergo ampu- 
tation. In the ileo-femoral group of five patients only 
one died and one underwent amputation. There was no 
fatality among the femoro-popliteal instances, but five 
amputations had to be carried out. 


Comments 


General Remarks. It is common with retrospective 
studies encompassing many years and clinical material 
of major proportions that the most valuable yield is not 
the discovery of new concepts, but the illumination and 
rerefinement of ideas and impressions already known 
but dimly defined. The lessons of this survey are no 
different: many of the findings had been anticipated. 
Nevertheless, the gain was considerable in the recogni- 
tion of much clearer interrelationships among the factors 
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TasLE 6. Possible Predisposing Local Factors 
Site of Placement 
F-P 
Clinical Datum A-I A-F F-F Others Tota. 
Diabetes and Gangrene — 2 3 — 5 
Gangrene — 3 1 — 4 
Diabetes — 2 1 — 3 
Obesity — 1 — — 1 
None 5 16 5 1 27 


that determine the genesis and ultimate fate of the infec- 
tious process in wounds harboring vascular prostheses. 
As an outstanding example of such a benefit, one may 
mention the ability to define with some precision the gen- 
eral precepts one should follow in the operative manage- 
ment of these infections. 

Factors Affecting Incidence. Yt seems that a truly sur- 
prising finding sifted out of the numerous statistical 
manipulations of the clinical material was the overall in- 
cidence of infection. Perhaps because of the emotional 
impact of a potentially catastrophic postoperative event, 
our subliminal estimation of the incidence of infection 
was higher than the actual figure (1.52). This is not 
said with any intention of underestimating the impor- 
tance of even the rarest complications with such disas- 
trous potential. On the comparative scale of prevalent 
infectious complications in various types of clean surgical 
wounds, the incidence observed is surprisingly low. It 
is of the order of incidence of wound infections in 
hernioplasties at most hospitals. 

A closer look at the regional distribution of the occur- 
rence of infection by anatomical sites reveals differer:ces 
of incidence that help explain some of the pathogenetic 
aspects of this complication. The low incidence in the 
aorto-iliac area, as compared with the femoro-popliteal 
incidence, suggests that the extent of dissection in terms 
of area traversed, and bulk of implanted foreign sub- 
stance (the prosthesis) are less important in potentiating 














TABLE 7. Types of Pathogenic Organism 
Site of Placement 
: F-P 
. Type of Organism A-I A-F LE F-F Others Total 

Staph. coag. (+) — 6 2 4 1 13 
Staph. coag. (—) — 4 1 1 — 6 
E. colt 5 2 1 1 — 9 
Frequency of |Non-hem. strept. — 1 — 1 — 2 
Occurrence of4 Proteus mirabilis — 2 — 1 = 3 
Organism Bacteroides — 1 = — — 1 
Corynebacterium — 1 — — — 1 
Pseudomonas — 1 — — — 1 
Unknown = 1 1 2 = 4 
Total 5 19 5 10 1 40 
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the process of infection than are the proximity to in- 
guinal and genital areas, the amount of skin surface ad- 
jacent to the incision and of the subcutaneous tissue ex- 
posed, and length of exposure. The incidence of infections 
with their primary source in the retroperitoneal tissues 
was very low and if those instances of infection are ex- 
cluded with their source in perforated viscera, the intra- 
abdominal infections were, in general, very scarce. This 
observation is particularly unexpected in view of the rela- 
tively large bulk of the intra-abdominal portion of the 
prosthesis. As a corollary to this statement, it may also 
be noted that in our experience no infection at all has 
occurred in a rather large group of operations (utilizing 
prostheses) performed on visceral arteries in the ab- 
domen. (It is true that minor degrees of infection of such 
operations would be difficult to recognize clinically, but 
no infection of importance could remain indefinitely 
silent.) 

All these facts have obvious relevance to the problem 
of prevention and treatment, to be touched upon pres- 
sently. 

Delay in Appearance of Infection, The astonishingly 
long interval between time of operation and clinical ap- 
pearance of infection in some cases (Table 4) needs 
to be explained. In about a fifth of the cases this time lag 
was over 12 months, and the maximum length was 60 

. months. The possibility that delay was due to suppression 
of an intraoperative infection by an incidental use of post- 
operative antibiotic medication is readily eliminated by a 

` glance at Table 4. Another ready assumption would be 
that the infection represented an intercurrent hemato- 
genous bacterial seeding in the prosthesis, which served 
as a preferential site. A look at the clinical details ( Table 























TABLE 8a. Extent of Involvement of Prostheses and Clinical Outcome 
Site of | Sequence and Extent No. of 
Placement of Involvement Cases Amput. Death 
A-I Shaft of prosthesis 4 0 1 
f Shaft and proximal 1 0 1 
anastomosis 
One limb and distal 10 3 3 
anastomosis 
Shaft, one limb and 3 0 3 
A-F distal anastomosis 
Shaft of prosthesis 2 0 1 
Shaft, proximal and 4 0 4 
distal anastomoses 
I-F Shaft and distal 5 1 1 
anastomosis 
F-P & Shaft 1 0 0 
F-F Proximal anastomosis 7 3 0 
Distal anastomosis 2 2 0 
Others Distal anastomosis 1 0 H 
Total 40 9 15 


(22.5%) (37.5%) 
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TABLE 85. Effect on Result of Involvement of Anastomosis 
Aorto-Ileo-Femoral Operations 
No. of Survival 
Extert of Infection Cases Well Amput. Dead 96 
Involvement of prox. 
anastomosis 4* 0 0 4 0 
Involvement of distal 
anastcmosis 19 7 4 8 58 
No involvement of 
anastomosis 6 4 0 2 67 





Femoro-Popliteal Operations 


No. of Survival 





Extent o? Infection Cases Well Amput. Dead 96 
Involvement of prox. 

anastomosis 7 4 3 0 100 
Involvement of distal 

anastomosis 2 0 2 0 100 
No involvement of 

anastomosis 1 1 0 0 100 





* Note: Distal anastomosis also involved: 1 case. 


4) disproves this theory. Although from experimental ob- 
servations,?:*16 one would expect a greater prevalence of 
blood-borne etiology. It was possible only in one case to 
relate the onset of infection to an intercurrent systemic 
septicemia (Case 14, Table 4). A strong clue as to the 
true sequence of events was the observation that in the 
femoro-popliteal cases the time lag of onset was usually 
very short. When the infection is due to contamination in 
course of operation, as it must be in these cases, the clini- 
cal onset was instantaneous. On the other hand, the long- 
est delays were noted in cases of viscero-prosthetic 
fistulas. This would suggest that these sources of contami- 
nation require a prolonged length of time for develop- 
ment and for ultimate emergence. A class of special cases 
comprises infections of the anastomotic site in the groin, 
usually the proximal anastomosis of a femoropopliteal 
graft, that has led to the formation of a pseudoaneurysm. 


TABLE 9a. Types of Surgical Procedure—Aorto-Iltac Site of Place- 








ment 
Result 
No. of 
Procedure Cases Recovery Death 





Removal occluded graft 
Ligation cf aortic stump 1 0 1 
Closure of viscero-prosthetic 

sinus 
Drainage, irrigation 1 1 0 
Closure of viscero-prosthetic 

sinus 
Replacement of graft 
Drainage, irrigation 1 1 0 
Axillo-femoral bypass 
Removal of graft 





Ligation of aortic stump 1 1 0 

Axillo-femoral bypass 1 0 1 

Total 5 3 2 
60.095 40.0925 
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TABLE 9b. Types of Surgical Procedure—Aorio-Femoral Site of TABLE9c. Types of Surgical Procedure—11eo- Femoral and Femoro- 
Placement Politeal Sites of Placement 
Result Result 
No. of No. of 
Procedure Cases Recovery Death Procedure Cases Recovery Death 
Drainage and irrigation of Heo-femoral _ , 
. graft site 1 1 0 Excision limb of graft 
Excision of one or both Ligation common 
limbs of graft 7 3 (3)* 4 femoral artery 3 3 (1)* 0 
Replacement of one or both Excision limb of graft 1 0 
' limbs of graft 3 3 0 Ureteralrepair  . 1 
Remot bypass Cross-over femora] re- 
Ax-fem. mote bypass 
Obturator 1 Ligation and excision 
Excision of graft 3 1 2 limb of graft 1 0 1 
Removal of occluded graft 
Ligation of aortic stump Total 5 4 (1) EE 
Closure of viscero-pros- 80.0% 20.0% 
thetic fistula 2 4 0 4 : 
None (Fatal preoperative Femoro-politeal 
hemorrhage) 1 0 1 Excision of graft 4 4 (2)* 0 
Segmental replacement 
Total 19 8 (3)* 11 of graft 1 1 (1)* 0 
42.1% 57.9% Excision of graft and 
- = proximal ligation of 
* Recovered with amputation artery 4 4 (2)* 0 
NEAR E ; Drainage and irrigation 
These are nonsuppurative infections that do not become of graft site 
known until the sac of the false aneurysm reaches a size Secondary wound closure — 1 1 0 
that is detectable by palpation or inspection. The patho- Total 10 10 (5)* 0 
genesis of this type of false aneurysm requires time, usu- 100.0% 0.0% 


ally several months, for its full evolution.” 

The Use of Antibiotics. A. central question in the se- 
lection of appropriate supportive measure for vascular 
operations is the usefulness of prophylactic antibiotic 
medication for the protection of wounds against infection. 
| In the group of cases surveyed, antibiotic medication 
was not used as prophylaxis. In fact, the reasons for ad- 
ministering antibiotics always fell in one of the following 
categories: (1) The presence of proven infection; (2) vis- 
ible contamination during the surgical procedure (e.g., 
injury to hollow viscus, the presence of previously un- 
suspected intraabdominal infection); and (3) gross 
break in aseptic technic in the operating room. When 
the existence of infection was ascertained, every effort 
was made to identify the offending organism and test its 
sensitivity in order to administer the appropriate drug. 
This identification was accomplished in all but three 
cases. 

Our reluctance to use prophylaxis was based on widely 
recognized fundamental considerationsi72526 First, 
no proof has ever been offered that the prophylactic use 
of antibiotic drugs against an infection due to one or more 
possible organisms, has a predictable degree of effective- 
ness. It is not possible to use a single drug, no matter how 
wide its therapeutic spectrum, against a whole array of 
possible pathogens with any reasonable expectation of 
controlling all or even most of them. On the contrary, only 
a narrow band of the gamut of possibilities will be in- 





* Recovered with amputation 


fluenced and the result may, well be overgrowth of the 
organisms left unaffected. Moreover, the old tenet that 
an unnecessary drug is a harmful drug should not to be 
disregarded: one must not overlook the hazard of hyper- 
sensitive or toxic reactions. Nor must one forget that the 
infection may be suppressed temporarily by prophylactic 
medication only to appear after enough delay to reduce 
the effectiveness of successful control. 

The question of prophylactic use of antibiotics in vas- 
cular operations has, of course, been abundantly con- 
sidered in the literature and by far the greater majority 
of authors favor it. This preference, however, is not 


TABLE 10. Result of Treatment 
Result 


Recovery Recovery 
No. with $ é 











Site of Insertion Infection amput. amput. Death 
Aorto-iliac 5 3 0 2 
Aorto-femoral 19 5 3 11 
Ileo-femoral 5 3 1 1 
Femoro-politeal 10 5 5 0 
Other (Subclavian a.) 1 0 Q t 

Total 40 16 9 


(40.0%) (22.5%) (37. 1992) 





Note: Total survival: 62.5%. 
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grounded on solid clinical facts. There has been no prop- 
erly controlled clinical study of this question published 
in the literature. The argument in support of prophylaxis 
is inferred from animal experiments which do not ac- 
ceptably reproduce a clinical situation. The most im- 
pressive benefits of prophylactic antibiotics, for instance, 
were observed in animal experiments in which the result 
of infection with organisms treated with the antibiotic 
known to be effective against them were compared with 
the results of üntreated infections induced by the same 
organisms. This sort of experiment is in reality a bioassay 
under special conditions of the efficacy of the given anti- 
biotic rather than an experimental recreation of a clinical 
situation. In the last analysis, the rationale of prophylaxis 
is that since infection in a vascular wound is a disaster 
and since antibioties are, in general, very effective for the 
control of infection, one should not deny the patient the 
benefit of antibiotic prophylaxis, however small the de- 
gree or indeed the mere possibility of the benefit. 
Unfortunately, acquisition of information needed for 
a convincing objective answer is almost beyond practica- 
bility. Since these infections are rare, if one were to ini- 
tiate a controlled study, one would have to build two 
random series of at least 1000 cases each just to satisfy 
the minimal statistical requirements of sample size. In 
most hospitals this volume of experience would take.4 
years or more to gather, and the protocol of a study 


would hardly be possible to maintain for this length of. 


time. The surgical technic, the operating room environ- 
ment, the bacterial flora, and many other factors would 
substantially change in course of such an interval. 

If a properly controlled study of the effectiveness of 
prophylaxis is surrounded by almost insurmountable 
practical difficulties, one might want to turn to a com- 
parison of reported infections in groups of patients 
treated with and without antibiotic medication, respec- 
tively, observed by various authors, to assess the efficacy 
of prophylaxis. Here new difficulties arise. The published 
usable statistical material, to begin with, is very meager, 
and the reporting is often casual. Indeed, usually no clue 
is supplied regarding many clinical details essential for 
the proper identification of the method of drug adminis- 
tration and of the occurrence of wound infection. The 
reported incidence of wound infections in these accounts 
ranges from 1.1 to 5.0%.8111213 In an editorial one 
author !5 quotes an incidence of “less than 0.12", which 
he attributes to the prophylactic use of antibiotics, but 
for which he fails to give any further corroborating evi- 
dence. No other report quotes an incidence of infection, 
with or without antibiotic usage, that is significantly 
lower than that observed in the present study. 

Thus, no convincing clinical evidence can be derived 
from published accounts for the use of prophylactic anti- 
biotics. 
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Some of the findings of the present study, on the other 
hand, suggest speculative possibilities that favor anti- 
biotic prophylaxis in some specific situations, and these 
deserve consideration. 

The finding that the source of infection in 23 of the 40 
patients appeared to be in the inguinal skin and that in 18 
the organism was Staphylococcus aureus, coagulase posi- 
tive (12 cases) or negative (6 cases), raises the question 
whether the prophylactic use of antibiotics with specific 
efficacy against Staphylococcus aureus in cases in which 
a groin incision is planned might not often have bene- 
ficial effect. It would appear rational to put this possibil- 
ity to a clinical test. It would seem advisable to follow 
the scheme of administration recommended by Burke, 
that is, to give the drug in therapeutic doses a few hours 
before, during and for 3 days after operation. This 
method of prophylaxis would satisfy all the time-tested 
pharmacologic requirements of antibiotic administration: 
it would aim at a specific organism (or, more precisely, 
at least it would do so in a large majority of the cases), 
and because of the short time-span of usage it would re- 
duce to a minimum the risks of hypersensitivity or toxic 
reactions and of superinfection. At the moment methicil- 
lin (Staphcillin) and cephalothin (Keflin) seem the most 
suitable drugs for parenteral use for this purpose.. 

Although the results of our survey do not afford ob- 
jective data for extended use of prophylactic antibiotics 
beyond the observation just mentioned, it would seem to 
be consistent with good clinical practice to resort to anti- 
biotic medication in some situations in which the danger 
of intraoperative contamination of the wound has a 
greater than average probability of occurring. These 
cases would include patients with exceptionally poor 
body hygiene and patients with unavoidable or uncor- 
rectable impairment of immune defenses. Patients with 
ruptured aneurysms would also fall in this group both 
by virtue of the exceptionally extensive tissue destruc- 
tion caused by retroperitoneal hemorrhage and because 
of the occasional presence of pathogenic bacteria in the 
aneurysmal sac and its contents. (Needless to say, all 
put together, these cases form a rather small group.) 
Administration should follow the guidelines mentioned 
above but the selection of the antibiotic drug must be 
made with the aim of nonspecific broad coverage. 

While the preoperative and postoperative use of anti- 
biotics in the categories of cases listed above may be 
correctly regarded as prophylaxis, similar use of these 
drugs in patients who have infective lesions in their ex- 
tremities would more precisely be termed therapeutic. 
The indication for this type of usage is firm. Obviously, 
wherever possible the offending microorganism should 
be identified and the antibiotic agent chosen accord- 
ingly. 

Choice of Surgical Procedure in Treating Infection. 
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In the enumeration of the surgical procedures employed 
in the treatment of infected vascular prostheses, mention 
was made of their diversity, the difficulty of classifying 
them, and the impossibility of the precise. assessment of 
their respective values..The reasons for these difficulties 
were briefly described. E 

As was also pointed out, while the value of any one 
surgical procedure cannot be determined in statistical 
terms, from the vantage point of an overview of past ex- 
perience it is possible to deduce useful general principles 
for their employment. In different contexts, these 


have been considered by others in considerable de- . 


tail23,590,15-21,2324. Here those concepts will be sum- 
marized that are supported with particular clarity by the 
findings of this survey. 

The very first question the surgeon must answer in 
planning the treatment of the infection of a prosthesis is 
whether the implant should be removed. l 

Both the experience we have recounted (Table 4) and 
the clinical and experimental observations of others 71% 
18.21 afford proof that not all infected prostheses require 
removal. If the periprosthetic infection is a lingering one 
of low virulence; if the anastomotic lines are not involved; 
and if there is no evidence that the pseudointima harbors 
bacterial colonization, that is, if there are no clinical 
manifestations of septicemia (in particular, metastatic 
abscesses distal to the graft site), an attempt to save the 
implant is justified. The proof that the prosthesis ought 
not to be excised is rarely obtainable on clinical grounds, 
and almost always requires surgical exploration. Surgical 
exploration of the’ prosthesis for this purpose must me- 
ticulously avoid any maneuver that would threaten the 
extension of the infectious involvement. When the cir- 
cumstances that favor the salvage of the graft have been 
ascertained, the exposed portion of the graft is debrided, 
covered with appropriate tissue, and provided with means 
for drainage and intermittent antibiotic irrigation. 

If the infection is of low grade but proof is present 
that the pseudointima or a suture line is involved, the 
prosthesis must be replaced. The fresh implant requires 
the same protective measures as listed above: drainage, 
tissue envelopment, and antibiotic irrigation. 

In all other cases not included in the above two cate- 
gories, the removal of the prosthesis is mandatory. If the 
removal of the graft would lead to ischemia threatening 
life or limb, which is usually the case, it must be preceded 
by the construction of a remote bypass as a new blood 
conduit. The infected implant is then excised in a second 
operative session, with complete avoidance of contamina- 
tion in the field of the new blood channel. 

Obviously, if the need for a remote bypass is recog- 
nized only at the time of the exploration of the prosthesis, 
great (and at times insurmountable) difficulties will arise 
in the way of constructing the bypass. Whenever in 
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doubt, therefore, the assumption must be made that the 
sacrifice of the. graft and the establishment of the bypass ` 
are mandatory, and the operative plans must be made 
accordingly. ~ 3 

Whichever course must be taken, the ample systemic 
administration of specific antibiotic drugs is an indispen- 
sable part of surgical management. 

Stress must be placed on the importance of certain 
humble artifices that have great importance for the pre- 
vention of wound infection. The fastidious observance 
of aseptic technic is an obvious requirement. A less gen- 
erally recognized desideratum is the extreme care in 
preparing the skin adjacent to the. planned incision. The 
simple steps that achieve this (special preoperative 
baths, antiseptic detergent scrub, plastic-glued skin- 
cover, etc.) can contribute to the avoidance of infection 
probably as much as any other modality at the surgeon's 
disposal. 


Summary and Conclusions 


A survey was made of 2145 cases of reconstructive vas- 
cular operations utilizing synthetic (Dacron) prostheses 
performed from 1952 to 1971, for the purpose of deter- 
mining certain factors important in the epidemiology, 
natural history and treatment of wound infections af- 
fecting arterial implants. The incidence of infection dur- 
ing the time of observation was 0.7% in aortoiliac, 1.6% 
in aorto-femoral, and 2.5% in femoro-popliteal opera- 
tions. The overall incidence of infection during the last 
6 years was 1.1%. In ileo-femoro-popliteal operations the 
mortality was low (7.0%), but in the entire group it was 
37.5%. l 

The single most common source of infection was the 
inguinal skin; the second. most common source was the 
perforation (erosion) of a hollow viscus. 

Success of treatment depended on a highly aggressive 
surgical philosophy. Effective surgical technic was avail- 
able for all types of involvement but one: Infection of an 
entire aorto-bifemoral bypass in the absence of a suitable 
uninfected segment in the upper femoral area. 

When faced with the problem of treating an infected 
prosthetic implant, the surgeon’s immediate task was to 
consider the necessity of removing the graft. Decision 
usually required exploration. In aorto-iliac involvement, 
exploration, as a rule, needed to be preceded by the 
construction of an appropriate remote bypass. 

When infection was limited to the bed of the graft, 
ie. the pseudointima was uninvolved, and the suture 
lines were free of infection, drainage, topical antibiotic 
irrigation and tissue envelopment were often effective. 

A second synthetic graft replacing an infected one 
under especially favorable conditions occasionally healed 
with massive systemic and topical antibiotic therapy. 
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Proper antibiotic therapy was an indispensable part 
of surgical management. 

Antibiotic prophylaxis against wound infection was 
not used in these cases but, based on the findings, would 
appear justified, aimed at a specific microorganism 
(Stapholococcus aureus), in cases in which an inguinal 
incision is made. The speculative reasons for other uses 
of antibiotic agents to prevent wound infection are 
briefly discussed. Unconditional prophylactic antibiotic 
usage is not recommended. 
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Discussion 


Dr. THomas J. WHELAN, Jr. (Washington, D. C.): I can under- 
stand the reluctance for anyone to come up and talk about infec- 
tion in grafts, but I would be remiss not to comment upon this 
— study of tlie cases that were presented and were ana- 

zed. 

: About 9 years ago at Walter Reed we reported seven cases of 
infected Dacron grafts, in which we obtained sound healing by 
lócal, aggressive, and early management with operation, topical 
antibiotics, systemic antibiotics, and, very importantly, the place- 
ment of viable, autologous tissues around the graft. 

At tlie time there was great reluctance to accept the credibility 
of this report. However, the facts were there, that we obtained 
sound healing with local, aggressive treatment. 

I would be wrong to suggest that this treatment is required in 
all cases, because it is not. If the graft is the site of a grossly sup- 
purative process and infection involves the anastomotic suture line, 
removal of this graft, with or without extra-ánatomic or remote 
bypass (depending upon the criticality of the artery involved), is 
the treatment of choice. 


This paper emphasizes that healing is possible in the inguinal 
region with an aggressive surgical approach. The real challenge 
occurs when the aortic end of the aortofemoral graft becomes in- 
fected. 

We have had two patients with such experiences, both of whom 
survived. Previously reported, the first case was that of a graft 
infected by Smene choleraesuis. The original mycotic 
aneurysm had ruptured, and an aortic dacron graft was placed 
in this bed not knowing that a positive culture for Salmonella 
would be forthcoming a few days postoperatively. Nineteen 
months later the proximal aortic-graft suture line dehisced and an 
aortoduodenal fistula formed. This graft was partially removed 
and a new segment of dacron was used in reconstruction. Four 
months later an aortoileal fistula formed as the result of another 
dehiscence, this time of the distal aorta-graft suture line. The 
graft was totally removed and the proximal aortic stump closed by 
continuous dacron suture. This was followed by a remote bypass 
with an extra-anatomic course to the graft from the side of the 
upper abdominal aorta to the iliac arteries, routing the graft be- 
neath the left colon mesentery, rather than in the aortic bed. 

The second case was one in which infection involved the proxi- 
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mal aortic suture line. The graft, an aortofemoral bypass graft, was 
totally removed and the aortotomy incision sutured with dacron 
suture. The aorta was then wrapped with an omental graft as 
shown by the authors. Sound healing resulted although the patient 
required AK amputation of one lower extremity. 

These are very difficult problems but not necessarily hopeless. 


Dr. Gzorce H, A, Crowes, Jn. (Boston): This is a remarkable 
series of vascular reconstructive operations in terms of the low 
rate. of infection. I suggest the possibility of including another 
class of infection, a Type IV, if you like, which would be the 
clotted graft with the infection involving the inside of the graft 
in the clot. It may not immediately imperil life, but amputation 
alone may not remove the septic process. For example, the ileo- 
femoral or ileopopliteal vein may pose a threat to life. If the in- 
fected graft has come from higher up inside the abdomen, a high 
amputation may fail to heal because of continued source of infec- 
tion and circulatory insufficiency. The whole graft must be re- 
moved under such conditions. Sometimes this poses a major prob- 
lem in its own right. 


De. D. Emerick Szmacyi (Closing): I wish to thank Dr. 
Whelan for pointing out the importance of Goasionully handling 
these problems conservatively. He was one of the very first authors 
who published a conservative point of view under appropriate 
indications. 

In reply to Dr. Clowes question, indeed it is very important to 
remove an infected clotted graft, because it is in essence a poten- 
tial abscess. 

Time did not allow us to discuss a most important question, 
namely, the pre- and postoperative use of antibiotic drugs in vascu- 
lar operations for the prevention of wound infection. We deal with 
this problem in detail in our written text. On grounds of very 
wide experience in other fields than vascular surgery, it is univer- 
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sally recognized that while antibiotic prophylaxis is highly success- 
ful in the prevention of infections the causative agents of which 
are predictable and susceptible, its value in cases in which the 
bacterial flora is mixed and/or unknown is highly questionable. 
The risks of superinfection, of toxicity, of hypersensitivity, and of 
suppression and recrudescence of the infection are real and serious. 

The present wide acceptance of the indiscriminate prophylactic 
use of antibiotics in vascular operations does not rest on sound 
clinical grounds. No controlled study in its support has been 
published. The results it has yielded in uncontrolled use, insofar as 
one can make out from the available casual and fragmentary re- 
ports, are not impressive. With one exception, the rate of infectious 
complications of vascular operations in the published accounts, 
with or without the empirical use of antibiotics, has ranged from 
1.1 to 6.0% That is to say, these rates were no better than the ones 
that we reported today without the use of prophylactic antibiotics. 
The only exception is a casual remark in an editorial reporting, 
with prophylaxis, an incidence of 0.1%, but without corroborative 
evidence. 

From our own study one particular finding emerges that has an 
important bearing on the question of prophylaxis. Among the 40 
cases of infection, in 23 the source of contamination was in the 
inguinal skin, and among these, in 18 the offending organism was 
Staphylococcus aureus, coagulase positive or negative, It seems 
justified to say that in those vascular operations in which the groin 
has to be opened the prophylactic use of antibiotics effective 
against this particular organism promises a significant decrease of 
the risk of wound contamination. 

Without factual foundation, but from rational clinical con- 
siderations, one may also recommend the prophylactic use of anti- 
biotics for patients with particularly poor body hygiene, with an 
uncorrectable depression of the immune defense mechanism of 
the body, and those with ruptured aortic aneurysm. The method 
of edministration always should be the one elucidated by Burke. 

Unconditional antibiotic prophylaxis is not recommended. 


Long-Term Utility of Replanted Arms 


S PORADIC REPORTS of over 50 replanted limbs, or parts 
of limbs,?:4-6.11.12,15-18, 20,22,24,25,28-82,84,85,37-41 have not 
resolved the dilemma of whether replantation is only a 
technical exercise, whether it is actually a liability to the 
patient, or whether the restoration confers benefits that no 
other form of therapy can. The results of five successful 
replantations—the longest followed for 10 years—have 
now convinced us of the value of a replanted limb under 
carefully selected circumstances, The uncomplicated con- 
valescences of two patients in whom replantations failed 
suggest that an attempt at replantation may be justified 
even if the circumstances are not ideal, provided that an 


unsuccessful outcome is promptly reconverted into an . 


amputation. 


Case Reports 


Case 1. The details of replanting the right (major) arm of a 
12-year-old-boy on May 23, 1962, after an ischemic period of 
about 4 hours have been published.?* At the time of that report, 
ll months after direct neurorraphy of the median and ulnar 
nerves, muscular activity was beginning to return to the long 
flexors and to some of the intrinsic muscles of the hand; protective 
sensation. was present. Weak contraction of the biceps was medi- 
ated through a 4-cm. graft of a brachial cutaneous nerve into the 
musculocutaneous nerve, but the radial nerve appeared to have 
been irreparably damaged by the accident.3? 

Thereafter, to provide active flexion of the shoulder and elbow 
a tendon transfer was performed in August, 1964; the insertion 
of the extensor carpi radialis longus was released, and the tendon 
was transposed to the upper arm, where it was joined to the pec- 
toralis major. The wrist was fused in June, 1965, and at that time 
the Küntscher nail inserted during the replantation was removed. 
One month later the patient tore the right medial meniscus and 
broke the replanted humerus at the site of the initial fracture, but 
the refracture healed rapidly. In July, 1966, an effort was made 
to supply extension of the metacarpophalangeal joints of the fingers 
and extension and abduction of the thumb by transfers of the 
flexor carpi ulnaris to the common extensors of the second, third, 
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fourth, and fifth digits and of the palmaris longus to the extensor 
pollicis longus and abductor pollicis longus. Because the inde- 
pendent functions of these tendons could not be activated dis- 
cretely, the objective of the operation was not realized. 

By May, 1970, the patient was working 16 hours daily at two 
jobs. His abilities to manipulate tools and to lift 30-Ib. weights to 
chest level were indispensible to his job as a mechanic, and his 
callused right palm disclosed the intensity of use. During the next 
2 years the patient became successful in a partnership for prepar- 
ing stock cars for competition and had himself won several drag- 
races. Then, as before, he was happy with the replanted arm. 

Examination showed shortening of the arm and forearm and an 
increased carrying angle. Power grasp (Fig. 1) was virtually equal 
to the examiner’s. Strength of the opponens pollicis and of the 
hypothenar muscles was fair. Sensation to pain and touch was 
good. Two-point discrimination was 1.5 to 2.0 cm. over all fingers; 
there were a few areas with 1.0-cm. discrimination. Roentgeno- 
grams disclosed degenerative disease of the shoulder and elbow 
joints and osteoporosis throughout the replanted limb (Fig. 2). 

Case 2, This 44-year-old machinist died of an unrelated cause 
19 months after the replantation of his right (major) arm just 
above the elbow in an operation (September 5, 1963) that re- 
stored blood flow after about 5 hours of ischemia and joined the 
nerves primarily.24 The nonunited fracture of his humerus was 
stabilized with a Küntscher nail, Parham band, and bone grafts in 
July, 1964, and the extensor carpi radialis Jongus was transferred 
to the biceps in October, 1964. Between operations, the patient 
was working in a shipping room. 

Shortly before death, gross protective sensation was present in 
the distribution of the median nerve in the hand, and there was a 
little radial sensory component as well. Postmortem dissection of 
the nerves revealed large neuromas. 

Case 3, A 27-year-old carpenter put his left (minor) hand, 
severed by a circular saw on February 17, 1967, into his apron 


'and sought help (Fig. 3). The distal row of carpal bones and the 


proximal phalanx of the thumb were fractured. 
Cooling of the hand and perfusion of the vessels with cold 
Ringer’s solution were followed by an hour spent in cleaning 
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Fic, 1. Replanted right arm used in automotive repairing (Case 1). 


splinters and devitalized structures from both sides of the amputa- 
tion. Resection of the proximal row of carpal bones and of the dis- 
tal ends of the radius and ulna shortened the extremity to allow 
good cancellous contact for fixation by crossed Kirschner wires.?? 


Fic. 2B. Roentgenogram of replanted forearm compared with the 
left side 10 years after restoration (Case 1). 


Since the amount of blood that would efflux from the veins after 
arterial reconstruction was predicted to be small, the arteries 
were rejointed first. After the radial artery with its widely torn 
intima was pulled from the intrinsic muscles and anastomosed 





Fic. 2A. Roentgenogram of replanted right arm compared with 
the left side 10 years after restoration (Case 1). 


Fic. 2C. Roentgenogram of replanted hand compared with the 
left side 10 years after restoration (Case 1). 
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Fic. 3. Amputated hand (Case 3). 


with 6-0 Teflon-coated Dacron under 2 x magnification, inflow 
was poor. When the distal end of the ulnar artery was recovered 
from among the intrinsics and joined, inflow was brisk, and the 
loss of blood through the veins became difficult to control. Two 
turgid veins were repaired. 

Following restoration of circulation after 5 hours of ischemia, 
the common extensor tendons were sutured en masse. The injured 
distal end of the flexor pollicis longus tendon was excised. To pro- 
vide abduction of the thumb the motor of the flexor pollicis longus 
was sutured to the stump of the abductor pollicis longus and exten- 
sor pollicis brevis. Fusion of the wrist in extension made repair of 
the wrist extensors unnecessary. To decrease the mass of tissue in 
the carpal tunnel, a portion of the sublimus tendons was resected. 
The ends of the median nerve were tagged, and the ends of the 
ulnar nerve were approximated. Skin coverage was completed by 
small skin grafts to the dorsum and base of the thumb on the 
fourth postoperative day. The patient was discharged 17 days after 
his injury. 

During neurolysis in June, 1967, the ulnar pulse in the hand 
could be seen and felt. There were large neuromas in the ulnar 
nerve, of which only the deep palmar branch appeared to be pre- 
served; neuromas involved nearly 2 cm. of each end of the median 
nerve. Following grafting of sublimus tendons into gaps in the 
profundus tendons, the larger proximal end of the resected ulnar 
nerve was joined to the smaller distal end with 6-0 Nylon, and 
the matching ends of the median nerve were repaired similarly. 

Good thenar bulk and sensitivity to temperature and pain were 
noted in December, 1967, when the patient left his carpentry to 
return for tenolysis. During the following year fusions of the inter- 
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phalangeal and metacarpophalangeal joints of the thumb and of 
the distal interphalangeal joints of the middle and ring fingers 
were performed. In September, 1969, the flexor pollicis longus was 
transferred to the base of the metacarpal of the thumb. Later, an 
osteochondroma was removed from the first metacarpal. 

Five years after injury the patient was employed full time in 
outdoor carpentry, where temperatures were occasionally —25*C 
(Fig. 4). His callused hand had excellent sensitivity to touch and 
pain and crude two-point discrimination. Although his power 
grasp could not be fully closed, the patient felt that he was only a 
little hancicapped in his work and demonstrated his ability to 
lift heavy furniture with his replanted hand. In his words, “I 
never had :t so good since I had it so bad." 

Case 4. The right ( major) hand of a 5-year-old son of a phy- 
sician was avulsed at the wrist in an escalator on December 18, 
1967. During perfusion of the arteries with Ringer's solution, the 
effluent from the veins was scanty. Meticulous cleansing of the 
parts, resection of ‘the proximal metacarpals, and attachment of 
the hand w:th crossed Kirschner wires was followed by anastomoses 
of severely damaged arteries and veins. 

When after 14 hours the circulation seemed to be inadequate, 
the hand was reamputated. The boy was discharged on the six- 
teenth day. With his hook prosthesis he actively competes with 
his companions in school; he is glad that an attempt at replanta- 
tion was made. 

Case 5. On January 16, 1969, a 60-year-old machinist was 
was brought here with his left (minor) hand severed through the 
wrist by an industrial paper cutter (Fig. 5). The right hand had 
partial amputation of the index, middle, and ring fingers. Since 
there was bilateral damage and since the patient seemed unlikely 
to use a prosthesis, replantation was elected. 

The proximal carpal row was resected after the hand was iced 
and perfused with saline solution. Union to the cancellous surface 
of the radius was achieved with the aid of crossed Kirschner 
wires. One vein, both arteries, and a second vein were microsurgi- 
cally anastomosed with interrupted 7-0 silk after 8 hours of 
ischemia. Available soft tissue was closed, and the wound was 
left to drain :nto a bulkv wet dressing. The amputations of the 
right hand were revised. 

Five days later skin grafts were used to close the site of re- 
plantation. After a further 13 days the site was re-opened for ex- 
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Fic. 4. Replanted left hand (Case 3). A house being built by this 
carpenter is in the background. 
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Fic. 5. Amputated hand (Case 5). 


cision of the sublimis tendons and for repair of the flexor pollicis 
longus and of four profundus tendons; the median and ulnar 
nerves were loosely joined. Discharge was on the fiftieth hospital 
day. 

When flexor tenolysis was done in April, 1969, the first stage of 
a pedicle nerve graft was done, microsurgically anastomosing the 
ulnar and median nerves for use later in bridging a gap in the 
median nerve. At the second stage in October, 1969, 12 cm. of 
the 
median nerve in the palm. Sensation began to return without de- 
lay, and protective sensation appeared in the finger tips and thumb 
11 months later. In May, 1970, the common extensor tendons of the 
fingers and the extensor pollicis longus were repaired with ten- 
don grafts; an arthrodesis of the distal joint of the thumb was car- 
ried out in July, 1971. 


the ulnar nerve was swung down to bridge the defect in 


LONG-TERM USE OF 


REPLANTED ARMS 


Three years after replantation the patient has a comfortable, 
nonedematous hand subject to discomfort only when unprotected 
on very cold days. He uses his hand for heavy household work 
such as lifting pots and pans from the stove, sweeping and 
shoveling, as well as for picking up small objects from a flat sur- 
face. 

Case 6. A 24-year-old man suffered a clean amputation with 
a bookbinder's guillotine at the lower third of his left (minor) 
1969. Scanty efflux of perfusate was 


noted. The bones were shortened and repaired with a Sage pin 


forearm on November 7, 
and an AO compression plate. Despite apparently satisfactory 
unions of the arteries and veins with 7-0 Teflon-coated Dacron 


about 7 hours after the injury, blood flow gradually diminished 


and could not be maintained even after several resections and re- 
anastomoses of the vessels. Clotting seemed to start in the hand 
and propagate proximally. 

A closed amputation was done and the patient was discharged 
on the eleventh postoperative day. Now using a functional hook 
with an alternative cosmetic hand, the patient is working full 
time as a bookbinder, doing home-construction work on week- 
ends for a hobby. Hard use has already worn out two hooks 

Angiograms of his amputated hand were made immediate ly 
after the operation and also on the next day. On both occasions 
there was failure to opacify either palmar arch, and early venous 
filling and the appearance of the digital arteries suggested arterial 
occlusion (Fig. 6). Pathologic examination showed an old or- 
ganized thrombus in both arterial arches (Fig. 7). Thrombosis 
may have occurred during one of the patient's multiple admissions 





Fic. 6. Angiogram of hand 16 hours after reamputation (Case 


6). 


to another hospital for correction of a complete harelip and cleft 
palate. 

Case 7. A 28-year-old Spanish-speaking workman suffered an 
amputation of his left (minor) forearm and several digits in a 
rubber-processing machine on July 13, 1970 (Fig. 8). Roentgeno- 
logic examination showed transection in the distal 7 cm. of the 
radius and ulna, transection of the thumb and index fingers at the 
metacarpophalangeal joints, transection of the middle digit at the 
proximal interphalangeal joint, and loss of soft tissue from the dis- 
tal third of the ring finger. Because the patient would probably 
have a difficult time learning to use a prosthesis and because a 
usable hand seemed to be reconstructable, replantation was elected 
after the patient, through an interpreter, agreed. 

Over 2 cm. of the radius was removed following icing and flush- 
ing with saline, and the fractures were reduced over intramedul- 
lary Steinman pins. The vascular anastomoses were as in Case 5, 
and the period of ischemia was 8 hours. The extensor carpi radialis 
longus and flexor carpi radialis longus were repaired. Following 
loose approximation of subcutaneous tissue, the wounds were left to 
drain into a bulky wet dressing. The amputation site closed sec- 
ondarily, and skin grafts were applied to the digital stumps. The 
patient was discharged 5 weeks from entry. 

In October, 1970, the flexor pollicis longus was repaired, but 
because of extensive fibrosis the flexors of the fingers were pre- 
pared for grafting. Silicone rods were used to bridge the area of 
forearm scar; five months later the rods were removed, and fascia 
lata grafts were placed through the new channels in the forearm. 
In April 1971, the first stage of a pedicle nerve graft was done, 
followed 5 months later by use of 10 cm. of the pedicled ulnar 
nerve to span the gap in the median nerve. Six months after the 
nerve repair the patient has protective sensation at the level of the 
metacarpophalangeal crease in the palm and at the base of the 
amputation sites. 

The patient is learning to speak English as a part of his re- 


MALT, REMENSNYDER AND HARRIS 


d 
Ld) 


— 





Ann. Surg. * Sept. 1972 


we 
S 


iit 
EN 
WNR, 


P» 
* 
x 
| 


Fic. 7. Occlusive disease 
of arteries of hand (Case 
6). Elastin stain. 


habilitation program, which he is pursuing with vigor along 
with gainful work in the same factory. Ten months after his re- 
plantation he saved several members of his family in an apartment 
fire, lifting a child through a window and carrying him two 
stories to the ground. 


Discussion 
Patients 


Considerably more than seven of the 700,000 patients 
entering our Emergency ward in the past decade have 
been brought here accompanied by major amputated 
segments of their arms—perhaps 30 to 40 patients in all; 
yet, only the seven described here were selected for 
attempted replantation. (Many others had severe acral 
injuries that left a single vascular pedicle or one or more 
nerves intact, but as they do not present the same prob- 
lems in preservation and rehabilitation, they are not 
included in this survey.) The patients who were not se- 
lected for replantation tended to have extensive mangl- 
ing remote from the site of amputation, avulsion injuries 
that snapped the major nerves far proximal, or the possi- 
bility of major damage to internal organs. Those ac- 
cepted were mainly psychologically stable people under 
30 years old with no major injury except localized trauma 
in the involved limb, which was in a good state of preser- 
vation and which was anatomically suited for replanta- 
tion. 

We continue to believe that patients who meet these 
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stringent criteria will do best, for patients 1 and 3 had 
short hospital stays with no complications and now have 
the best arms. The pedicle flap to substitute for loss of 
skin in Case 2 dictated a long initial hospitalization, but 
almost certainly even this 44-year-old man would have 
had much benefit from return of grasp and sensation, 
either as a result of the first operation or, more likely, af- 
ter a later neurorraphy. 

Case 4 seemed to confirm the point that only clean 
injuries should be chosen, for the crushing injury sus- 
tained by that child apparently so destroyed the vascula- 
ture that satisfactory circulation could not be restored. 
But if the stringent criteria were infallible guides, patient 
6 should have had an excellent result, since his amputa- 
tion occurred from a single sharp cut, and indeed, this 
was by far the easiest replantation from technical aspects. 
The unsuspected element was the organized thrombosis 
in the palmar arches and the partial occlusion or spasm in 
the digital arteries. 

The results of Cases 5 and 7 showed that the indica- 
tions for replantation needed to be more elastic. Three 
years later the man who was 60 years old at the time of 
injury (Case 5) has a sensate, reasonably powerful grasp 
of immeasurable help, especially in view of his contra- 
lateral digital losses. Grasp and sensation are likewise 
beginning to return in patient 7, and despite the number 
of reconstructive operations that will still be required, a 
hand more useful than a prosthesis will probably be 
given to this poorly acculturated man. 

Distal damage to the amputated part thus need not 
contraindicate replantation. After successful union of 
bones and blood vessels, the problems posed by distal 
damage become susceptible to traditional reconstructive 
solutions. If useful function can be foreseen, replanta- 
tion envisioning later reconstruction should certainly be 
considered strongly. 

Surely part of the good results in these rather extreme 
cases as in the other successful replantations must be 
attributed to the psychological soundness of the patients. 
Insofar as it can be evaluated in the stress of the moment, 
a stable spirit is mandatory for the patient who would 
do well. 


Technical Progress 


Both the technics and the unsolved problems of re- 
plantation remain much unchanged. In preservation of 
the amputated part while deliberating whether or not to 
attempt a replantation, no procedure simpler or more ef- 
fective than putting the amputated part in crushed ice 
has been described.?*23 Either Ringer's solution or saline 
solution perfusates appear to work equally well, despite 
advantages demonstrated experimentally in the use of 
dextran solution to minimize postoperative edema.?* To 
our knowledge, human extremities preserved by these 
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Fic. 8. Amputated hand and fingers (Case 7). 


methods have been replanted after a maximum of 18 
hours of total ischemia,** but the limit has not yet been 
tested. Measurement of intramuscular pH as a guide to 
irreversible injury may come to be a useful prognosti- 
cator.! 

Although angiograms might have helped in the pre- 
operative assessment of our two failures, the good out- 
come of the five others, which included only one angiog- 
raphy, leads us not to recommend angiography as a 
preoperative routine. Imperfect vessels may prevoke 
timidity, even though in practice they could carry blood 
well enough to sustain the part. We tend rather to be- 
lieve that attention should be paid to the volume of efflu- 
ent from the veins during arterial perfusion; in both 
Cases 4 and 6 it was scanty, and perhaps poor efflux is a 
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sign that should dictate angiography and reassessment of 
feasibility. 

After the decision has been made that the patient and 
the severed part are suitable for reunion, the bones 
are shortened to facilitate vascular and neural anasto- 
moses and shaped in the usual ways to provide maximal 
osseous contact. Although no disturbances of the growth 
of long bones might be anticipated from the results of 
experimental replantations,!5 restricted growth of the 
arm in Case 1 suggests that the situation in human beings 
might be different; nonetheless, bones should be short- 
ened generously to make replantation possible. The 
major improvement has been the introduction of AO 
compression plates for situations in which intramedullary 
fixation is not optimal, such as fixation of both bones of 
the forearm.?? 

Optical magnification has proved helpful for many 
vascular anastomoses below the elbow, and true micro- 
surgery has facilitated anastomoses at wrist level.3.9.19 
Interrupted sutures are virtually essential at these levels. 
If venous return cannot be established, there may be 
utility in shunting the blood from the replanted member 
via a Silastic tube into a vein in the other arm!* and in 
creating arthrodeses to facilitate intramedullary drain- 
age?! Although metabolic acidosis and toxemia when 
venous return from an ischemic part has been restored 
have not been recognized in adult human beings, they 
may occur in children and should be anticipated by 
serial measurements of arterial pH, gases, and electro- 
lytes and should be treated specifically. 

When the skin cannot be closed or when high pres- 
sures in fascial compartments during the postoperative 
stage are predicted, closing the subcutaneous tissue over 
the repairs and letting the otherwise open wound drain 
for several days into a bulky wet dressing has worked 
well. Whether employing this method or not, we have 
never seen appreciable postoperative edema. Although 
alert to the need for fasciotomy, we have not had to do 
it. 

The large neuromas found in every patient, attributa- 
ble perhaps to ischemia as well as to diffuse injury, rein- 
force our view that repair of nerves should be done 
secondarily except when a sharp instrument causes a 
clean amputation and when the period of ischemia is 
brief. The secondary repair may be done with advantage 
3 weeks after injury if the local situation permits.‘ When 
neural losses have been so severe that the integrity of 
both the median and ulnar nerves would have to be re- 
constituted through free isografts, the staged pedicle 
nerve graft has seemed preferable, sacrificing the ulnar 
nerve to the median.5?39 Intrafasicular nerve grafting 
may ultimately provide even a better alternative. 

In the lower limb, in view of the continued poor prog- 
nosis for nerve regeneration, of the possibility of painful 
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posterior tibial regeneration syndromes," and of the risk 
of thromboembolism, we doubt that even the demon- 
strated practicality of replantation has much to recom- 
mend it, although several apparently satisfactory results 
have shown that this point of view may need to be modi- 
fied by further experience. Excellent prostheses can sub- 
stitute for the function of the lower limbs in stability and 
gait. Except if the amputation is too high for a usable 
prosthesis or if the function of the other lower limb is 
compromised, the long rehabilitation would seem to be 
little gain for a doubtful advantage. To the contrary, 
nerve regeneration in digital replantations of the hand 
should be excellent, and useful replanted digits have been 
obtained. For the moment, practicality would seem to 
dictate attempts at digital replantation principally for 
multiple amputations or for injuries to the thumb and 
first fingers. 


Summary 


Five successful and two unsuccessful replantations of 
the upper limb are reported. Arms useful in complex 
activities have resulted in two patients at 5 and 10 years, 
respectively, after replantation. Functional recovery is 
progressive in two other patients less than 3 years after 
replantation and was advancing in another patient who 
died of an unrelated problem 19 months after his restora- 
tion. The failures were consequences of extensive crush 
injuries in one and of arterial occlusive disease in the 
other. 

Replantations are indicated in mentally stable patients 
without central trauma whose amputated part of the up- 
per extremity is well preserved and whose major acral 
injuries are limited to the site of amputation. Under 
these circumstances replantation may be feasible for a 
patient of any age, despite injuries to the hand itself, 
especially following amputations at the wrist, and pro- 
vided that the distal injuries do not interfere with the 
major circulation. 
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DISCUSSION 


Dn. ROBERT Anruur Cuask (Palo Alto): Dr. Malt and his col- 
leagues excited interest in replantation of the upper extremity in 
1962, when they performed the historic procedure listed as Case 1 
in, today’s presentation. It is important that groups with the experi- 
ence, such as Malt and his colleagues, report the practicality of 
upper extremity replantation after years of follow-up. I have been 
involved in the replantation of four upper extremities, and from 
this experience I agree generally with Dr. Malt's conclusion that 
there is a valid place for replantation of the upper extremity in 
carefully selected. patients. It is this selection that ultimately may 
determine whether the procedure is a triumph of technic over 
reason or a justifiable contribution to the rehabilitation of a patient. 

Among the important factors involved in the choice of whether 
to amputate or attempt replantation is (1) the age of the patient. 


The younger the patient, the more likely will be a successful 
functional regeneration of peripheral nerves from primary repair, 
secondary repair, or nerve grafting. The importance of age in the 
patient represented as Case 1 should not be underestimated. 

(2) The level of amputation: The more peripheral the replant 
technically is achieved, the better the ultimate result for a patient 
of given age. Let me show one instance of an amputation a little 
bit more peripheral than those shown by Dr. Malt. 

(Slide) This is a patient who lost his extremity through the 
hand from a chain saw. It was replanted by microvascular tech- 
nics, and out of it came salvage of the very important thumb and 
index digits. 

When it can technically be done, the functional result will be 
successful, because there is no denervation of proximal muscula- 
ture, and the patient is likely to gain substantial motor function. 

(3) The localization of the injury, as mentioned by Dr. Malt: 
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‘The ultimate in localization is the sharp transection, such as he 
showed in Case 5. Let me give you an example in another such 
atient; 

(Slide) Here is a patient who had a moderately sharp tran- 
section. The arm was literally snapped off like a string bean in a 
big machine, at Hewlett Packard. It was brought in with the 
patient shortly thereafter, it was cooled immediately. The arm was 
— and did well from Day 1 in terms of revascularization. 

e patient is now in the process of rehabilitation. He has re- 
stored sensibility in the extremity, and I can assure you that it 
comes through the nerve junctures, since he has misidentifica- 
tion. That is, when he's touched on the index finger, he says: 
Yes, I feel it, but it's on my thumb. 

There's only one possible explanation, and that is by regrowth 
of axones, admittedly down the wrong distal channel. 

(4) Psychological stability of the patient was mentioned by the 
authors, The importance of this was emphasized to me in a patient 
who had a surviving replant at the mid-humeral level, who 
ended up crippled more significantly—-and purposefully—by his 
nonacceptance of secondary amputation, in order to perpetuate 
his disability. Psychological stability is a terribly important factor. 

(5) The critical importance of the limb requires additional 
emphasis. Dr. Malt mentioned this in passing in one instance. 
Absence or severe deformity in the patient’s opposite hand is an 
example. Absence of a non-dominant hand in an otherwise normal 
patient may adequately be substituted for by a functioning pros- 
thesis, but if the contralateral arm is lost or severely damaged, the 
amputated arm should be replanted, because it has been pro- 
moted to an extremity of critical importance. In the instance that 
amputation is coupled with blindness—every effort should be made 
to salvage a limb with potential for sensibility. 

Even partial success in restoring the limb may be very con- 
tributory in over-all rehabilitation. For example, if replantation of 
an arm severed above the elbow fails to result in return of motor 
and sensory function in the hand, it may result in restoration of 
function of the elbow. A secondary amputation through the fore- 
arm may result in a vastly superior prosthetic function over that 
which would result from amputation at the original site. 

My comment about nerve regeneration results in my posing one 
question to Dr. Malt, and that is that since the only incontrovert- 
ible evidence of recovery through a nerve repair or nerve graft is 
modam I wonder if any of his patients did demonstrate 
this : 


Dr. Erre Ewanr Peacock, Jr. (Tucson): I have never had 
the opportunity to replant an extremity. My remarks, therefore, are 
based entirely upon experience in seeing some of the complica- 
tions of replantation as they have been presented to me, con- 
sulting in other institutions or in other physicians’ patients. 

From these presentations, however, I have gotten the idea 
that there is another aspect or parameter to complications that 
have been discussed so far, and those are complications of the 
pheripheral nervous system. The worst of these complications have 
seemed to take the form of severe pain, causalgia, and hyper- 
esthesia. Although no cause-and-effect relation can be obtained, 
certainly, from my observation, it has seemed there has been some 
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association of these complications with three factors: An age 
above 35, a prolonged octhopedie phase to the procedure—trying 
to get the perfezt bone alignment and redoing it—and thirdly, in- 
attention or inability to control severe pain immediately after the 
replantation or in early development of causalgia or hyperesthesia. 

These complications are a game of dominoes. In one patient 
Y know of, they resulted in suicide, or were a major contribution 
to suicide, and have resulted in dope addiction and other serious, 
totally disabling effects. 

Because of this I would like to make the following comments 
on Dr. Malt’s beautiful cases: 

No. 1, the long-term reporting of these results is timely and 
very much — We have too many short-term reports, and 
not enough of this type of careful follow-up and presentation of 
the long-term results. 

Secondly, the cases he has shown and the relatively superb 
results which he has argued strongly for, since everyone is replan- 
tation conscious and looking for every opportunity to do this 
wisely, I strongly agree with that argument. ` 

Thirdly, my previous concept that a patient over the age of 
35 could not have a successful replantation has now been shown 
to be wrong. We, now, do have evidence that a patient over 35 
can undergo replantation, and I believe this is an important con- 
tribution. 

I would add a fourth and final word of caution: particularly 
in patients over 35 it is extremely important to realize that there 
is a complication which may necessitate removal of an otherwise 
good extremity for other than vascular or orthopedic reasons, 
and that is the development of severe pain, causalgia, and hyper- 
esthesia. If local and immediate aggressive care for this cannot 
break these cycles, the man who undertakes implantation must be 
willing to realize that loss of an arm is not totally disabling. 
Some of the neurological complications in spite of a perfect 
orthopedic or a perfect vascular reconstruction can be totally dis- 
abling. If this is not broken before the central pathways are in- 
volved, a total and permanent disability can result from the pro- 
cedure of replantation. 


Dr. Rowatp A. Marr (Closing): I would like to thank Dr. 
Chase and Dr. Peacock for their kind comments, and say what 
a relief it is to us, not being primarily hand surgeons, that we did 
not know about these complications before we started. 

To answer Dr. Peacock’s questions first, we have not seen 
edema, pain, or orthopedic problems. We are always on the look- 
out for these complications and ready to cut our line at any time. 

Dr. Chase, your first case represented one of the most virtuoso 
pieces of surgery I have ever seen, and I congratulate you en- 
thusiastically. In response to your question, our patients have 
had misidentification early, but as time has gone on they have 
achieved correction. 

Addendum: Two additional replantations were done between 
the time of this report and May 22, 1972. One failed after 4 
days when the sole remaining vein thrombosed under an area of 
old electrica! burn proximal to site of replantation. The other is 
surviving despite 11 hours of ischemia before revascularization. 


Surgical Management of Total Colonic Aganglionosis 


N  HIRSCHSPRUNGS DISEASE, the aganglionic seg- 
em I ment extends proximally from the rectum for a 
variable distance. In approximately 596 of the cases, the 
aganglionosis involves the entire colon and may extend 
into the small bowel. The mortality rate for this group 
of patients exceeds 65% in most reported series. 129/656. 
8,9,11 Tn the event of extensive aganglionosis, preservation 
and utilization of the aganglionic descending colon has 
proven to be feasible, and appears to be a satisfactory 
means of recapturing some of the reabsorptive capacity 
of the colon.’ An operation developed for this purpose 
has been successfully completed for eight of nine infants 
with extensive aganglionosis during the past 12 years. 


Operative Technic 


The infants are often severely debilitated by the time 
the diagnosis is appreciated, necessitating the completion 
of the operation in stages. The diagnosis is confirmed at 
the time of laparotomy by microscopic examination of 
multiple extra-mucosal biopsy specimens of the sero- 
muscular layer of bowel wall At the level in which 
ganglion cells are identified, the small bowel is transected 
between anastomosis clamps and both ends closed and 
inverted with multiple Lembert silk sutures. Depending 
on the infant's condition, an ileostomy can then be 
established, or preferably, the next step of the operation 
performed. The proximal bowel is mobilized sufficiently 
to provide adequate length to reach the perineum with- 
out tension. The peritoneum of the pelvic floor is opened 
and a passageway created into the pelvis by blunt dissec- 
tion between the rectum and the sacrum, The recto- 
sigmoid is temporarily occluded by either a non-crushing 
clamp or an encircling rubber catheter. The surgeon 
then proceeds to the perineum. The legs are elevated in 
a modified lithotomy position, and the rectum thoroughly 
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irrigated. After appropriate skin preparation and draping, 
a transverse incision is made at the mucocutaneous bor- 
der posteriorly for a distance of 180? (Fig. 1) and con- 
tinued through the internal sphincter. A curved hemostat 
is then inserted between the internal sphincter and the 
puborectalis muscle into the previously opened pre-sacral 
space. The closed proximal end of the small bowel is 
then withdrawn through the pre-sacral space and into 
the incised opening in the posterior rectal wall where it is 
attached with several fine catgut sutures. The bowel is 
not opened. The surgeon then returns to the abdominal 
portion of the operation. The peritoneum of the pelvic 
floor is closed, a gastrostomy is established, and the ab- 
domen closed. The patient is returned to the operating 
room 24 to 48 hours later, anesthetized and placed in the 
lithotomy position. The sutures closing the end of the 
small bowel are removed and the lumen of the small 
bowel opened. A spur crushing clamp is then inserted 
with one prong in the small bowel, the other in the rec- 
tum, and the clamp tightened in position. The septum 
becomes obliterated by pressure necrosis over a period of 
3 to 5 days. Bowel movements will be frequent but re- 
flux of liquid small bowel contents into the decending 
colon will permit some degree of reabsorption. 

The second stage is performed whenever the patient's 
general condition will permit, which is generally at 6 to 
12 months of age. The procedure is completed entirely 
through the abdomen. The aganglionic terminal small 
bowel along with the ascending and transverse colon 
are removed and a long side-to-side anastomosis is com- 
pleted between the left colon and lower small bowel 
from the level of the previous anastomosis in the pelvis 
up to the level of the splenic flexure (Fig. 2). 

It would appear desirable to complete the entire pro- 
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Fic. 1. A. Transverse incision at mucocutaneous junction extends 
180°. B. Closed end of ileum is withdrawn posterior to rectal wall, 
inside puborectalis sling and through incision. C. A method for 
completing anastomosis with spur-crushing clamp. 


cedure as one operation, but in each of our patients, this 
was not considered advisable because of the poor general 
condition of the infant. Consequently, two or more stages 
have been employed in each instance. 


Results 


During the past 12 years, nine infants have been en- 
countered with aganglionosis of the entire colon. The 


Fic. 2. The completed 
operation. 
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aganglionic segment in six extended into the small in- 
testine (Table 1). One infant with multiple anomalies 
in addition to aganglionosis, was re-admitted in a mori- 
bund state and died of sepsis 3 months following estab- 
lishment of an ileostomy. The operation was completed 
on eight infants. All survived the operation and are still 
alive eight months to 12 years later. All have been re- 
cently evaluated. Initially following operation, stools 
were liquid and non-formed and occurred as often as 
every 2 hours. Gradually over a period of the next several 


months, they decreased in number and the consistency 


thickened. The occurrence of a bowel movement at night 
during sleep was not uncommon during the first year. 
Within six to 12 months following operation, the fre- 


: quency of bowel movements decreased to two to three 


times daily, and the stool became semiformed. Certain 
dietary restrictions have proved advisable. Some vegeta- 
bles such as corn, beans and peas have resulted in 
crampy abdominal pain and diarrhea, and elimination of 
these foods from the diet has been advised for 2 or 3 
years following operation. 

Viral enteritis has resulted in dehydration more rapidly 
than for the usual child, and diarrhea, sometimes asso- 
ciated with abdominal distention, has necessitated re- 
admission of four of the eight children to the hospital on 
one or more occasions. In each instance, this occurred 
during the first year following operation. One child has 
experienced recurrent episodes of abdominal distention 
with diarrhea throughout the 4 years following operation. 
Her condition is reasonably well controlled by limitation 
of diet and occasional insertion of a rectal tube for de- 
compression. Her course is one of gradual improvement. 

Review of the details of the operation in each instance 
suggests that the occurrence of postoperative distention 
may be related to an unusually tight internal sphincter. 
When the initial anastomosis was carried out at the level 
of the mucocutaneous junction, this actually accom- 
plished a partial sphincterotomy of the internal sphincter 
and appears to have minimized the occurrence of this 
complication. 

In one child, the anastomosis was completed but the 
right and transverse colon were left in place. Inspissated 
stool accumulated in the defunctioned proximal colon 
with subsequent erosion through the wall and the de- 
velopment of a jejuno-colic fistula. Resection of the in- 
volved segment of jejunum and the defunctioned portion 
of colon corrected the diarrhea which had initially been 
attributed erroneously to enterocolitis, On the basis of 
this complication, it would appear advisable to remove 
the defunctioned colon at the time of the ileo-colic 
anastomosis, and this practice has been accomplished on 
each of our subsequent patients. 

In one infant, protracted diarrhea was found to be re- 
lated to regrowth of the septum between the small bowel 
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TABLE 1. Total Colonic Aganglionosis 
Age at 
Initial Completed . . 

Patient Sex operation operation Present Extent of aganglionosis Result 

C.W. M 9 da. 20 mo. 12 yr. colon + 1/2 small bowel satisfactory 

K.F. M 3 da. 13 mo. 6 1/2 yr. colon 4- 7 in ileum satisfactory 

B.B. M 3 da. 13 mo. 6 yr. colon 4- 7 in ileum satsfactory 

A.N. F 5 da. 23 mo. 6 yr. colon + 10 in ileum recurrent diarrhea 
S.B. M 29 da. 41 mo. 4 1/2 yr. colon + 9 in ileium satisfactory 

D.R. M 2 da. 17 mos. 4 yr. total colon only satisfactory 

R.H. M 1 mo. 14 mo. 4 yr. total colon only satisfactory 

S.H. F 2 mo. 16 mo. 2 1/2 yr. colon 4- 5 in ileum satisfactory 

E.H. F 7 da. died at 3 mo. age total colon only died—sepsis 


mult. anomalies 





and rectum. The septum had initially been divided with 
an automatic stapling device. Following division of the 
recurrent septum, she has had one or two’ semiformed 
stools daily, 

Growth and development have been normal for all 
eight children. The older ones attend school = lead an 
essentially normal life. 

The familial nature of Hirschsprung’s disease has been 
previously noted. It is particularly striking, however, in 
this group. of patients in that a positive family history 
exists in seven of the nine patients. The series includes 
two sets of siblings. 


Conclusions 


On the basis of this favorable experience with a small 
number of patients with a relatively rare condition, šev- 
eral conclusions may be enumerated: ` 


1, It is possible to retain a portion of the colon even 
though aganglionic, and to incorporate it into the 
intestinal tract. 

2. The colon, reintroduced into the intestinal tract in 
this manner, clinically appears to retain some 'ca- 
pacity for reabsorption. 

3. When half the circumference of the intestinal tract 
contdins ganglion cells, this appears to be sufficient 
to propel the fecal stream. 

4. The’ intact aganglionic internal sphincter appears 
to play an etiologic role in the occurrence of post- 
operative enterocolitis. 

5. Reflux ‘of small intestinal contents into a defunc- 
tioned, blind, aganglionic segment of colon may re- 
sult in inspissation, impaction, ulceration and fistula 
formation. ; 

6. Infants born with aganglionosis involving the en- 
tire colon and as much as half of the small intestine, 
may be salvaged and returned to an essentially nor- 
mal life. 


This operation can be recommended for patients with 
aganglionosis of the entire colon and a significant portion 
of the small intestine. When the colon alone is agangli- 
onic and the small bowel is normal, satisfactory long-term 
results have been reported following total colectomy and 
ileo-proctostomy.?!? The procedure of choice for this 
group of patients can be determined only after additional 

experience can be accumulated and the results evaluated 
several Year following operation. ` 
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Discussion 


Dr. Orvar Swenson (Chicago): I want to thank Dr. Martin 
for his kind remarks and to support his contention that this group 
of patients can be salvaged. I think it can be done with different 
technics; that is not as important as the fact that these individuals 
can be salvaged and converted into essentially normal individuals. 

We have used, as Dr. Martin indicated, resection and anasto- 
mosis, as we have in the average case of Hirschsprung’s disease. 
It is a simpler technic and has proven satisfactory. 

In the course of following a large number of our patients, I 
ran’ across two of our early cases. [Slide] This is a 21-year-old 
boy who has now undergone a 20-year follow-up. He is not an 
athlete. He is a little overweight, but is in good physical condi- 
tion, has' two bowel movements a day and no problem with con- 
trol. ` : 

[Slide] The next slide is another boy 20 years of age. He has 
almost undergone a 20-year follow-up. This boy was voted the 
most valuable player on his high school football team in his senior 
year in high school He is now in college. : 

These boys are perfectly normal in every respect, and I pre- 
vailed on one of them—to undergo a barium enema x-ray. 
[Slide] This was done 2 months ago, and you can see here that 
the terminal ileum is not tremendously dilated, and the mucosa 
is normal, 2 

I should like to stress that if these are to be reconstructed, 
they should be done early before severe enterocolitis develops. 
I support Dr. Martin's contention that these patients can be sal- 
vaged and converted into normal individuals. 


Dr. Eric W. FowkALsRUD (Los Angeles): I congratulate Dr. 
Martin for his excellent presentation and for providing us with this 
excellent long-term follow-up on some of these difficult patients 
with long segment Hirschsprung's disease. 

The mortality associated with surgical management of this group 
of patients, ‘according to recent reports, has been 67% or higher. 
This condition, however, is somewhat uncommon, representing less 
than 5% of patients with Hirschsprung’s disease. 

As Dr. Martin has indicated, intravenous hyperalimentation 
has been a very great factor in helping to salvage these patients 
during the early infancy period when they are critically ill, These 
infants usually require an ileostomy within the first few weeks of 
life, as soon as the condition is diagnosed. 
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We have found that the mechanical stapling instrament which 
Dr. Ravitch introduced a few years ago for the modified Duhamel 
procedure has been of great assistance in constructing the long 
anastomosis which Dr. Martin showed us in his illustrations. By 
placing this stapling device in several different locations one can 
actually complete’ this very extensive procedure within minutes 
and provide a sturdy anastomosis. — ' 

"The procedure which Dr. Martin has devised provides a sur- 
face for increased intestinal absorption, and also an area for fecal 
storage, which I'believe is of benefit in decreasing the amount 
of diarrhea which these patients experience during the post opera- 
tive period. ; 

I would like to ask Dr. Martin at what age he would recom- 
mend. performing this procedure. Would he wait until 1 or 2 years 
of age, or until thé patient achieves à particular weight? I am 
also curious if he has had much difficulty with postoperative 
diarrkea when he carries the anastomosis down as low as he 
indicates, taking a portion of the internal sphincter. 


Dm. Lester W. Martin (Closing): In answer to Dr. Fonkals- 
rud, we have used the stapler. It is a very nice instrument to 
use for this long anastomosis. 

One problem that we have encountered with the stapler, was 
regrowth of the septum in the rectum on one child that we failed 
to follow-up with periodic simple recta] examinations. The sep- 
tum redevelaped for only a short distance. It could be reached 
with the finger, but after 6 months it had grown so solid that 
we could not separate it bluntly, and required an anesthetic for 
dividing it with electrocautery. ` i 

As. far as the age of election for this operation, possibly with 
the aid of hyperalimentation the procedure could be done on a 
small infant. Most of these infants are so severely debilitated by 
the time the diagnosis is appreciated that we feel as though they 
can tolerate little more than an ileostomy, or perhaps even the first 
stage of this procedure, which is to bring the ileum down to the 
rectum. and apply the clamp. Most of our patients have been so 
precarious that we have performed the pen in stages. 

Ideally, it would be nice to have.a baby who is'a year of age, 
if one could be brought along with an ileostomy for that long. 

As far as the diarrhea, they all have diarrhea for a period of 
time following operation, but in the long-term follow-up it is 
not generally & serious problem. 


Management of Choledocholithiasis 


INCE CHOLEDOCHOLITHIASIS is responsible for much 
S of thé serious morbidity of gallstone disease 
the detection and elimination of stones within the com- 
mon bile duct are major objectives of biliary surgery. 
Various strategies can be used to achieve these goals. For 
example, exploration of the common bile duct might be 
recommerided for all patients undergoing cholecystec- 
tomy. However, since most diagnostic and therapeutic 
measures are costly to the patient and incréased surgical 
effort cannot necessarily be equated with better care, 
. most surgeons resort to selective exploration. based upon 
several specific indications. To evaluate the validity of 
the criteria for common duct exploration a retrospective 
review of the experience of the University of California, 
San Francisco from 1960 to 1969 was undertaken. 

Facilities for operative cholangiography were made 
available in 1955 and the technic was adopted with en- 
thusiasm by our biliary surgeons: After 5 years of ex- 
perience the results seemed to substantiate its value.!? In 
most patients who had cholecystectomies at the Univer- 
sity of California, San Francisco during this period cho- 
langiograms were obtained at various intervals during 
operation and in the postoperative period. 

Despite the use of operative cholangiography and 
meticulous technic in exploring the common bile duct, 
retaitied stones were still occdsionally found during the 
post-operative period. In the past 2 years we have tested 
two new methods for removing retained stones in pa- 
tients with a T-tube in the common duct. The encourag- 
ing results suggest that reoperation for retained stones 
may be only rarely necessary. 
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Methods and Materials 


The records of 200 consecutive patients who had un- 
dergone exploration of the common bile duct for pre- 
sumed choledocholithiasis were studied to determine 
the reliability of various criteria which were used in 
making decisions for treatment. Patients suspected or 
proved to have other types of biliary disease, such as 
stricture; sclerosing cholangitis, malignant obstruction, or 
intrahepatic cholestasis were excluded fróm this series. 
The same operating theater was used in all patients who 
wete operated on between 1960 and 1969. The same 
types of surgical instruments were used for exploration 
of the common duct, and similar x-ray equipment was 
employed for performing cholangiography during lapa- 
rotomy. Every year during this périod an average of 104 
patients. with cholelithidsis had cholecystectomies, 21 
(21%) of whom also had choledochotomies. A previous 
report by Gardner, Jew, and Goldman ® from this hos- 
pital describes the equipment and methods used for 
obtaining cholangiograms. 

In each patient data were tabulated concerning the 
presence and degree of cholangitis; jaundice, and the 
character and radiation of abdominal pain. Setum biliru- 
bin determinations were abnormal in 37 patients. The 
results of preoperative oral cholecystograms and intra- 
venous cholangiograms were correlated with the findings 
during common duct exploration. 

There were 151 female and 49 male patients in this 
series. The age distribution is shown in Table 1. One- 
hundred sixty of the patients had common duct explora- 
tion in conjunction with cholecystectomy. This group is 
relatively homogeneous and in this study will often be 
analyzed separately from the remaining 40 patients who 
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TABLE 1. Age Distribution of 200 Patients who Had Common Duct 
Exploration 

Age . No. of Patients 
0-19 3 
20-29 18 
30-39 11 
40-49 22 
50-59 46 
60-69 60 
70-79 33 
280 7 
200 


PET ; 

were treated after previous cholecystectomy, either in 
the recent or remóte past. Of these 40 patierits without 
gallbladders, 103 ‘were admitted within 2 months after the 
initial biliary operation. They either had developed im- 
mediate postoperative symptoms which suggested cho: 
ledocholithiasis or a residual stone had been demon- 
strated by postoperative T-tube cholangiography. The 
30 other patients had had cholecystectomies froth 6 
months to as long as 41 years before new symptoms of 
additional biliary disease develóped. um. 


Results 


The over-all results of common duct exploration i in this 
series are shown in Table 2. Exploration was positive in 
70% of the entire series of 200 patients, and in 65.6% of the 
160 patients who underwent exploration at the time of 
cholecystectomy. Five patients (2.5%) died (Table 3). 
Two of the deaths occurred after re-exploration for re- 
tained comimon duct stones and in theory could have 
been prevented by more éfficient exploration during the 
first laparotomy or by teclinics which removed the stones 
without subjecting the patient to the hazards of another 
laparotomy. . 

The decision to explore the common bile duct was 
made on the basis of the patient's history, x-rays, and 
gross findings at laparotomy. Each of these will be ana- 
lyzed for their diagnostic reliability. Table 4 lists the 
main reason for choledochotomy in the 160 patients wlio 
had common duct exploration at the time of cholecystec- 
tomy. 


Clinical History 


The classical symptoms of pain, jaundice, pruritus, 
fever and chills had been experienced alone or in various 
combinations in symptomatic patients: 


TABLE 2. Results of Common Duct. Exploration in 200 Consecutive 








Patients 
No. Patients No. Positive 
All cases 200 141 (70%) 
Cholecystectomy and common 
` duct exploration 160 105 (65%) 
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TABLE 3. Age, Sex, Clinical Resume, and Cause of Death in five 
Patients Who Died after Choledochotoiny 








Age 
and : : Cause of 
Sex History | Death 
77 F Admitted with common duct obstruction Sepsis 
and duodenal fistula after choledochotomy 
and duodenótomy elsewhere. _ 
Second common duct exploration. ko zie 
75 F Suprurative cholangitis with shock: Com- Myocardial 
mon duct exploration. infarction, 
67 F Cholecystectomy and common duct ex- Abdominal 
ploration incidental to aortic vascular hemorrhage 
surgery.. 
59 M Ulcer and gallstones: gastrectomy, cholecys- Sepsis 
*ectomy, and common duct exploration. 
Postoperative common duct obstruction 
from retained stone. Sécond common nS 
exploration. . 
24 F Cholecystectomy and common duct ex- Bleeding 


exploration. stress ulcers 


Second exploration for retained stone. 





Cholangitis: A retrospective diaghosis of cholangitis 
was based on abdomirial pain associatéd with fever and 
jaundice with or without chills; The presence of jaun- 
dice was accepted On tlie basis of either a report of clini- 
cal icteris or by a dócumented rise in the bilirubin level 
above 1.2 mg./100 ml: Patients wlio had acute cholecysti- 
tis were arbitrarily excluded from this group. This com- 
bination or symptoms was associated with a high yield 
of stones on comnion duct exploration. Twenty-nine pä- 
tients had case histories which indicated cholangitis. All 
but one of the 29 patients were found to have stones in 
the common bile duct when operation was performed. 
Twelve of the 29 patients had had previous cholecys- 
tectomies and 17 had, not. In the one false positive case 
the patient had had cholecystectomy 1 month before she 
was admitted to ‘our hospital with fever, jaundice, and 
abdominal pain. Liver biopsy obtained at the time of a 


TABLE 4. Reliability of Indications for Common Duct Exploration. 
Each Pctient is Listed Only Once According to His Principal 
Indication. A. Palpable Stone in the Duct Was the Most 
Reliable Indication. B. and C. Contain Patients without 
Palpable Stones (A). C. Contains Only Patients Not 
Included under A. or B: 





Results of Exploration 


Indication 


Positive Negative Positive % 

A. Palpable Stone : 50 1 98 

B. Cholangitis with Jaundice 17 1 94 

Positive IVC 5 1 83 

Positive Pre-exploratory ' . 

_Cholangiogram 23 23 50 

C. Jaundice 6 11 35 

Pancreatitis 2 2 50 

Small Stones 1 9 10 

Dilated Duct 1 6 14 
Miscellaneous 0 1 

Total 105 55 65.6 
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negative choledochotomy showed acute hepatitis. The 
SGOT or SGPT level had not been measured. 

Jaundice: Jaundice is a classical indication for common 
duct exploration. When accompanied by fever, chills, 
and pain in the abdomen, jaundice usually heralds the 
presence of biliary calculi. However, jaundice also occurs 


-when there are no stones in the duct. Figure 1 shows the 


distribution of the available abnormal bilirubin levels 
listed according to whether stones were present or absent 
when the duct was explored. Only values above 1.2 
mg./100 ml. total bilirubin were included. The mean 
value for those patients without stones was 4.9 + 0.56 
mg./100 ml. and for those with stones, 9.1 + 1 mg./100 
ml. The determinations consist of the highest single ab- 
normal measurement obtained from the 37 patients 
whose records contained this information. The 37 pa- 
tients include some in whom the only indication for 
ductal exploration was jaundice and some who had sev- 
eral indications. It is evident that jaundice can occur 
without stones in the duct. When jaundice was the only 
indication for exploration of the duct, ductal calculi were 
found in only six of 17 patients (352). These 17 patients 
did not have cholangitis before operation; pre-explora- 
tory cholangiography was not done and palpation of the 
extrahepatic bile ducts during laparotomy showed no ab- 
normal findings. However, in all patients who had biliru- 
bin levels greater than 6.7 mg./100 ml, stones were 
found in the common duct. 

Intravenous Cholangiography: Intravenous cholangio- 
grams were performed in 75 patients. A positive study 
was defined as ductal visualization and cholangiographic 
findings suggesting a stone or an abnormally large 
(greater than 1.0 cm.) duct. Table 3 shows the findings 
on intravenous cholangiography with the patients’ data 
separated according to whether the gallbladder had been 
removed previously. The accuracy of the examination 
was reasonably good; the interpretations were correct in 
39 of 47 cases. In both cases the two false positive re- 
sults in patients without gallbladders were examples of 
dilated common ducts and this finding by itself probably 
should not be considered as highly suggestive of ductal 
disease after cholecystectomy. Thus if these two cases 
are excluded the reliability of a positive report is 
strengthened further. 

The outstanding weakness of intravenous cholangiogra- 
phy is the frequency with which it fails to provide ex- 
pected information. In six of 39 cases (15%) in which 
visualization was considered adequate by the radiologist, 
stones subsequently removed from the duct could not be 
seen on the x-ray. Even more significant was that in 19 
tests in patients who had bilirubin levels of less than 3 
mg./100 ml., the ducts were not visualized. If these two 
groups are considered together, 25 of a total of 66 pa- 
tients (38%) in whom one might anticipate useful infor- 
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TABLE 5. Results of Intravenous Cholangiography in 79 Patients 
Gallbladder Gallbladder 
Absent Present 

Interpretation 
True positive 12 20 
True negative 0 7 
False negative 3 3 
False positive 2 0 
Non-visualization 
Bilirubin < 3.0 1 18 
Bilirubin > 3.0 3 6 

Total 21 54 





(Tomography was used in all cases) 


mation from intravenous cholangiograms had either mis- 
leading results or an inadequate study. 

Pelpable Common Duct Stones: In 51 patients the 
surgeon thought he could palpate a stone in the duct 
before opening it. Only once was a stone not found when 
the duct was opened. Many patients with palpable 
stones had symptoms suggestive of common duct. stones. 
Some had positive preoperative cholangiography and 
most had dilated ducts. 

Small Stones: In 10 instances the only reason stated 
for exploring the duct was the presence of small stones 
within the gallbladder. Only once in the 10 cases was the 
exploration positive. 

Dilated Common Duct: Six of the seven patients who 
had choledochotomies solely because the duct was 
thought to be enlarged had no ductal stones when ex- 
amined at operation. 

Pre-exploratory Cholangiograms: Pre-exploratory chol- 
angiograms were performed via a polyethylene catheter 
threaded through the cystic duct or by direct puncture 
of the commen duct with an angled needle. Some sur- 
geons performed this examination routinely and others 
only in selected cases. In general, however, operative 
cholangiograms were obtained on most patients who had 


. chelecystectomies except when the need for choledochot- 


omy had already been established. Of the 160 patients 
who had common duct exploration and cholecystectomy, 
71 had pre-exploratory operative cholangiograms. A posi- 
tive operative cholangiogram was the principal indication 
for exploration in 47 patients. The remander, including 
many with palpable stones in the duct, would have had 
choledochotomy regardless of the findings on the chol- 


TABLE 6. Reasons for Retained Stones Discovered by Postexploratory 





Cholangiography 
No. Percent 
Total Cases 14 7 
No postexploratory x-ray 5 
False negative x-ray 5 
Positive x-ray 3 
Other 1 
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RELATIONSHIP OF 
HIGHEST SERUM BILIRUBIN 
TO CHOLEDOCHOLITHIASIS 
30 (37 PATIENTS) 


M 
o 


SERUM BILIRUBIN ( mg %) 
o 





" NO STONES 
FOUND 


STONES 
FOUND 


RESULTS OF EXPLORATION 


Fic. 1. Serum bilirubin levels in patients with and without stones 
at choledochotomy. No patient with a stoneless common duct had 
a bilirubin level greater than 6.7 mg./100 ml. The horizontal lines 
denote the mean of each group. 


angiogram. In these 47 patients 24 explorations were 
positive and 23 were negative. Most of the false positive 
studies were due to difficulties in keeping the system free 
of air bubbles or failure of the contrast material to enter 
the duodenum promptly. In five patients there were no 
other indications for choledochotomy. 

Eleven patients had pre-exploratory cholangiograms 
even though the surgeon had recognized beforehand 
that the duct contained stones. The cholangiogram usu- 
ally underestimated the exact number of stones in the 
duct and the value of the examination could not be 
established from the records of these patients. 

Postexploratory Cholangiograms: Postexploratory chol- 
angiograms were omitted in only 40 cases, and in half, 
exploration of the duct had been fruitless. In the 160 
cases in which postexploratory studies were obtained, 22 
patients were re-explored and were found to have resid- 
ual stones which had been demonstrated by the x-rays. 
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Figure 2 shows the relationship between the findings on 
initial exploration, performance of postexploratory chol- 
angiography, and the incidence of retained stones dem- 
onstrated on cholangiograms taken a week after opera- 
tion. Figure 2 could be interpreted to show that the use 
of postexploratory cholangiograms reduces the number 
of retained stones by 75% when stones were found during 
ductal exploration. It is also noteworthy that residual 
stones in this series were confined to patients with posi- 
tive initial exploration. 

Retained Stones: Residual stones were found on post- 
operative cholangiograms in 14 patients (Table 4). In 
five of the 14, postexploratory operative cholangiograms 
were not done and it may be assumed that in some of 
these patients residual stones would have been detected. 
In three postexploratory cholangiograms, stones were 
evident in retrospect, but the films had been misinter- 
preted when initially viewed. The defects in these films 
had been erroneously interpreted as abnormalities caused 
by air bubbles trapped in the duct. A second common 
duct exploration was done to remove retained stones in 
eight patients, The others have been followed for de- 
velopment of symptoms. 

Nonoperative Treatment of Retained Stones: Recently, 
22 patients, not included in the 200 choledochotomies 
which are the basis for the main clinical report, have 
been treated for residual common duct stones by infusing 
a bile salt solution into the T-tube in an attempt to 
chemically dissolve or disrupt the stones. Cholesterol is 
the major component of most gallstones. Normally chol- 
estero] in bile is solubilized within mixed micelles of bile 
salt and lecithin. The mechanism of cholesterol gallstone 
formaticn has not yet been fully elucidated but it appears 
that the hepatic bile from patients with stones is either 
saturated or supersaturated with cholesterol, due an in- 
crease in the quantity of cholesterol relative to the quan- 
tities of bile salts and lecithin.! In vitro experiments have 
demonstrated that the cholesterol gallstones can be dis- 
solved in micellar bile salt solutions.!$ 
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Fic. 2. Value of postexploratory cholangiography in detecting 
retained stones. No retained stones were found in patients who 
had negative initial choledochotomies. 
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The experimental treatment in these 22 patients was 
designed to take advantage of this theory and thus obvi- 
ate the need for another surgical exploration and chol- 
edochotomy. The bile salt solution contained sodium 
cholate (100 mM ) in saline buffered to pH 7.5. The solu- 
tion was sterilized by Millipore filtrations. The formula 
for preparing 5 liters of solution is: cholic acid 204 Gm., 
sodium chloride 45 Gm., sodium hydroxide 19 Gm., and 
water to a total volume of 5000 ml. The pH of this solu- 
tion is about 6.8 and should be adjusted to 7.5 by adding 
more sodium hydroxide. Prefiltration is performed by 
passage through a 0.45, Millipore filter; final sterilization 
is accomplished after passage through a 0.22, filter. 

The treatment regimen consisted of a 14-day (maxi- 
mum) period of continuous infusion into the T-tube. The 
sodium cholate solution was administered by gravity drip 
at a rate of 30 ml. per hour. A manometer was placed in 
the line between the drip bottle and the patient and the 
zero level was adjusted to correspond with the approxi- 
mate position of the bile duct (Fig. 3). The stopcock 
was rotated so that all three limbs of the system were 
open, providing a continuous reading of the intrabiliary 
pressure. Usually the top of the line was cut off so that if 
the pressure exceeded 30 cm. of solution it would over- 
flow and pressure would not rise further. If the duct was 
unobstructed the pressure usually varied between 15 
and 20 cm. of solution during treatment. The patient 
should experience no symptoms whatsoever. Pain signi- 








Sodium cholate solution 
00mM 


Drip rate: 30 ml//hr 


Pressure: 
15 - 25cm of solution 





Fic. 3. Apparatus for ductal perfusion with cholate solution. Con- 
trol of pressure is mandatory to avoid cholangitis. 
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Fic. 4. Technic for (A), perfusing an obstructing stone in the 
distal duct or (B), a stone on the hepatic side of the T-tube. 


fies obstruction and elevated biliary pressure and the 
drip was discontinued immediately if this happened. 

Unobstructing stones located in the duct between the 
T-tube and the duodenum could be treated by infusing 
the solution directly into the T-tube which passed over 
the stone and entered the duodenum. Distal occluding 
stones or those on the hepatic side of the T-tube could 
not be handled satisfactorily by this method. In these 
cases a small polyethylene catheter ( PE-50) was threaded 
through the lumen of the tube and its tip was placed 
with fluoroscopic control in the vicinity of the stone ( Fig. 
4). The bile salt solution was administered through the 
polyethylene tube and allowed to escape from the duct in 
the residual lumen of the long arm of the T-tube. The 
same pressure monitoring arrangement was employed 
regardless of the technic of infusion. 

Administration of bile salt in the concentrations used 
in this study uniformally produces diarrhea. However, 
the diarrhea could be controlled by binding the bile salts 
in the intestine with an anion exchange resin, cholestyra- 
mine. Cholestyramine was given in a dose of 4 Gm. every 
2 hours during the day. Early in the series two patients 
could not be treated because cholestyramine caused in- 
tractable emesis and severe diarrhea ensued when it was 
omitted. Giving the cholestyramine powder in gelatin 
capsules has largely obviated this problem. 

The first cholangiogram was taken 3 days after treat- 
ment was started. If the stone persisted, x-rays were 
taken at 3-day intervals thereafter. Although in three in- 
stances the stones were definitely seen to diminish in size 
on serial cholangiograms, the usual event in successful 
cases was the disappearance of the stone when succes- 
sive x-rays were compared. 

Of the 22 patients with retained stones treated by this 
method, stones were eliminated in 12; in 10 patients the 





results were unsuccessful. Four patients were given a 6- 
day infusion of 0.15 N NaCI solution as a control before 
the treatment with bile salt. No effect of the saline was 
noted and in each of these four patients the subsequent 
cholate therapy was successful. Figures 5 and 6 show 
cholangiograms before and after ductal perfusion and 
disappearance of the stones in two patients. 

Two of the 12 successes were in patients in whom re- 
tained stones completely occluded the distal duct. Most 
of the patients had had previous exploration within 8 
weeks of the onset of therapy. The longest interval was 
in a patient who had been followed by cholangiography 
for 5 months with repeated demonstration of the stone. 
Treatment with bile salt solution eliminated the stone 


in 10 days. 
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Fic. 5. Cholangiograms 
in a 47-year-old woman 
before and after 9 days 
of perfusion of the com- 
mon duct with sodium 
cholate solution. 


During the past 6 months, in patients in whom the 
bile salt treatment was unsuccessful, attempts were made 
toward instrumental extraction of the stone under radio- 
logic control. The Dormia ureteral stone basket has 
been the mainstay of this technic (Fig. 7). The cathe- 
ter can be passed through the lumen of a 14 F T-tube 
and directed into the bile duct with Seldinger technics. 
Of five patients treated in this manner, stones have been 
removed from three. 


Discussion 


This study was undertaken in an attempt to design an 
optimal strategy for the management of patients sus- 








* V. Mueller, Co. 


Fic. 6. A. A totally ob- 
structing stone in a 62- 
year-old man who had 
had a large subphrenic 
abscess after the initial 
choledochotomy. B. Six 
days after perfusion with 
bile salt solution via a 
polyethylene catheter, the 
stone is gone. 
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pected of having choledolithiasis. Similar reviews have 
been reported in the past but a uniform approach has 
not yet emerged. Most surgeons accept the premise that 
both symptomatic and silent stones in the duct are a 
risk to health and should be sought for and removed at 
the time of cholecystectomy. 

The results of intravenous cholangiography indicate 
that a positive report is reliable but a negative one may 
be misleading. The high incidence of non-visualization 
of the ducts seriously depreciates the value of intraven- 
ous cholangiography. The ducts could not be well dem- 
onstrated in 30% of patients whose total bilirubin was 
under 3.0 mg./100 ml. In a comparable study Beargie 
and co-authors? found that insufficient opacification was 
obtained in 39% of the patients in whom total serum 
bilirubin levels were less than 3.0 mg./100 ml. The test 
is time consuming, expensive, and occasionally compli- 
cated by allergic reactions. Partly because of these 
problems intravenous cholangiography is performed less 
often in patients with established diagnosis of gallblad- 
der disease and indications for laparotomy. Examination 
for ductal stones can be accomplished more effectively 
by gross examination during operation supplemented 
with direct cholangiography when indicated. Therefore, 
if an intravenous cholangiogram has been read as show- 
ing a stone in the duct the surgeon could proceed di- 
rectly with exploration of the duct, but in general the 
test should be reserved for clinical situations in which 
results may contribute to the decision for laparotomy. 

Attempts have been made to relate the incidence of 
common duct stones to the various classical indications 
for exploration but often these reports are difficult to 
evaluate because so many patients with advanced dis- 
ease have multiple abnormal findings. This may give to 
minor indications the appearance of having more use- 
fulness than they actually possess. For example, in the 
patients who had cholecystectomies almost half of all the 
stones found in positive explorations of the duct were 
palpable before the duct was opened. If a stone is felt 
through the wall, obviously the duct should be incised 
and searched; in this series the reliability for this finding 
was 987. In this type of case the presence or absence of 
jaundice or a dilated duct becomes irrelevant in formu- 
lating the decision for exploration. 

Palpation of stones in the duct is generally conceded 
to be the most accurate indirect evidence of their pres- 
ence.31404245,251 The proportion of total positive 
choledochotomies in which it has been possible to feel 
the stones varies markedly in different series, ranging 
from 25% to 100%.3:8:47-55 However, some clinical reports 
dealing specifically with the diagnosis of choledocho- 
lithiasis fail even to mention palpation or the presence of 
palpable stones.59* Brown and Osborne * and Saypol 47 
have shown in careful studies that systematic attempts 
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Fıc. 7. The Dormia basket: top, the closed position; middle, the 
fully open position; bottom, a gallstone has been ensnared. 


to palpate stones will increase the productiveness of this 
maneuver and the recent literature suggests that their 
findings deserve more emphasis. In the present study 
48% of the positive ducts were detected by palpation but 
a Kocher maneuver was not performed routinely. 

The analysis of the significance of jaundice is more 
complicated. A number of patients with a history of 
transient jaundice or a documented rise in bilirubin did 
not harbor stones in their ducts. On the other hand, when 
the patient had a history of attacks of fever and chills 
with the jaundice the presumption of stones in the duct 
was sound. Examination of the serum bilirubin values 
demonstrates that relatively high values were seen in 
some patients with negative explorations but above a 
value of about 7 mg./100 ml. the exploration should be 
positive. Although this may be a useful figure to remem- 
ber most patients with high serum bilirubin levels also 
had easily palpable stones. 

Some have called jaundice an absolute indication for 
exploration?! 9*5? but in unselected patients its reliability 
for the presence of stones has varied from 30 to 
60%.3:34,43.44.52.57 When present as an isolated indication, 
stones may be found in as few as 20% of patients 1352 al- 
though the incidence was higher than that in the present 
series. Thus, jaundice or a moderately elevated bilirubin 
may be considered a relative indication for exploration. 
Pre-exploratory cholangiography should obviate ex- 
ploration in a number of such cases but if the bilirubin 
were above 7 mg./100 ml. or if fever paralleled the jaun- 
dice, ductal exploration is advisable. 
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Most (50 to 75%) dilated common ducts contain 
stones, *?1.31445? leading some to conclude that the size 
of the duct constitutes the most valuable indication for 
common duct exploration. Smith and co-authors °° noted 
that although 71% of patients with dilated ducts had 
stones, this figure fell to 207 when other indications were 
excluded. The comparable figure in the present series 
was l in 17 times (14%). Surgeons who have measured 
ducts with calipers during operation have demonstrated 
a complete overlap of the ranges of duct diameters for 
patients with and without stones.?!* Therefore, although 
large ducts harbor stones, more dependable indications 
will usually be present in the positive ones and a dilated 
duct should be considered a relative indication for com- 
mon duct exploration. 

The presence of small stones in the gallbladder has 
come under attack as a justification for choledochotomy. 
Bartlett and Waddell è reported that only 16% of patients 
with this finding had ductal stones. Those who perform 
choledochtomy infrequently do not cite small stones as 
one of their criteria for exploration.??** Although some 
authors continue to support the value of this finding °° 
others report that small stones alone indicate ductual 
calculi only 3% to 5% of the time,?*** which is about the 
frequency of stones in patients with no indications for 
exploration. Our data support the trend toward relying 
upon operative cholangiography to determine the need 
for choledochotomy in patients with small gallbladder 
stones. 

Patients with recurrent pancreatitis constitute only a 
small percentage of those submitted to choledochotomy. 











TABLE 7. Major Recent Clinical Series Which Contain Sufficient 
Data for Comparison. 

CDE Total 

Total CDE Positive Positive 

Author Cases Percent Perc ent Percent 
3. Colcock et al. 1356 36.7 28. 5 10.4 
Colcock et al.” 1077 36.1 35.5 12.8 
Colcock et al. 1754 28.6 27.6 7.9 
Schofield et al.48 494 15.0 54.0 8.0 
Glenn”? 2472 10.5 69.1 3.22. 
3. Meyer et al. 1193 26.0 44.0 11.6 
Marshall et al.4° 692 27.0 40.0 11.0 
Magee et al.5* 1000 20.4 62.0 12.7 
Kakos et al.?? 753 25.0 62.0 15.0 
Wheeler et al.55 201 23.5 72.0 17.0 
Jolly et a1.?* 1460 21.0 61.9 13.0 
Present Series 952 21.0 65.0 14.4 





Those grouped under A seldom used pre-exploratory operative 
:holangiography; in those under B, pre-exploratory cholangiography 
vas performed frequently. The total cases on which the calculations 
vere based consist of patients who underwent cholecystectomy as an 
nitial biliary operation, with or without common duct exploration 
CDE). Similar percentages can be calculated from later reports by 
3lenn.?'? The Number in parenthesis after the author's name refers 
o the bibliographic citation. 
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Ductal stones usually can be expected in a low percent- 
age of these patients ? and for this reason recurrent pan- 
creatitis has been regarded as a relative indication for 
choledochotomy. The surgical treatment of pancreatitis 
is beyond the scope of the present discussion but cho- 
le dochotomy or duodenotomy often will be indicated in 
these patients for reasons other than the possibility of 
choledocholithiasis. 

Pre-exploratory operative cholangiography could be 
used: 1) to reveal occult stones in the common duct, 2) 
to establish the absence of stones when their likelihood 
is seemingly small, and 3) to outline the anatomy and 
contents of the duct before exploration when stones are 
known to be present. Cholangiography has contributed 
most to the management of choledocholithiasis through 
the second of these objectives. Most unnecessary chole- 
dochotomies have been performed for mild jaundice, a 
dilated duct, small stones, or pancreatitis in the absence 
of more reliable indications. Chapman et al.,® Jolly et 
al.” and Almersjó et al? have documented the ability of 
operative cholangiography to distinguish between normal 
and abnormal ducts. Errors of the technic appear as false 
positives, leading to more rather than less explorations 
when the test is faulty.!*95 

Different philosophies toward choledocholithiasis have 
led some surgeons to perform operative cholangiography 
frequently and others to shun it almost entirely. Recent 
reports from those of each persuasion are presented in 
Table 7, grouped so that series in which cholangiograms 
were not obtained are designated by “A” and those that 
relied heavily on cholangiography by: 'B. Reports with 
insufficient data to complete the analysis were excluded 
but otherwise there has been no attempt at selection ex- 
cept to list information on patients treated since 1950. 
The first objective should be to find all the stones; the 
second objective, to increase the accuracy of the decision 
for exploration. The latter would be reflected by a higher 
percentage of positive explorations. The true incidence 
of ductal calculi in patients with cholelithiasis is un- 
known but the series listed in Table 7 suggest that it is 
between 12% and 15% in the United States. It would ap- 
pear that those who did not use cholangiography have 
achieved this level only when the indications for chole- 
dochotomy were broad, as in the two earlier series from 
the Lahey Clinic.'!? By restricting the indications a 
higher percentage of positive explorations usually can 
be obtained but this occurs at the expense of overlook- 
ing a substantial number of stones.!?.2921.2235 By con- 
trast, the series listed under B indicate that both a high 
frequency of positive explorations and a high detection 
of stones can be achieved simultaneously if cholangiog- 
raphy is relied on as a diagnostic aid. 

The value of routine cholangiography to find unsus- 
pected stones remains unsettled.*® 829.30.36.49 Only five pa- 
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tients could be considered in this category in the present 
series but others have reported an incidence of 44.?* 
Since the procedure is simple and free of cómplications 
its routine use is recommended. However, if technical 
problems are encountered cholangiography may be omit- 
ted from the operation with minimal consequences. 

In Figure 8 the preceding discussion on the indications 
for choledochotomy and operative cholangiography has 
been synthesized into a model for the management of 
choledocholithiasis. Although not universally applicable 
it provides a framework for detecting common duct 
stones and eliminating unnecessary explorations. 

The present series again demonstrates that retained 
stones are usually found in patients who have had posi- 
tive ductal exploration 5* and that operative postexplora- 
tory cholangiography can substantially reduce the in- 
cidence of this complication.1®*.5 Difficulty in emptying 
air from the duct causes many false positive postexplora- 
tory studies and sometimes defects caused by stones are 
misinterpreted by the surgeon. Preliminary éxperience 
with image ‘intensification fluoroscopy for operative 
cholangiograms 5€ suggests this new technic will facili- 
tate the elimination of air artifacts. l 

Residual stones rarely cause symptoms when a T-tube 
drains the duct. If discomfort or fever arises after the 
tube is clamped it need only be reopened for relief. If the 
patient tolerates occlusion of the external limb of the 
T-tube. he may be discharged from the hospital for ex- 
pectant care. Early ré-exploration to remove retained 
stones is hazardous 26 and nonoperative methods should 
not be tried for at least 1 month after operation. During 
this period some stones will pass +3 and the tube can 
be removed. If the stone persists after 1 or 2 months of 
observation nonoperative methods should be tried for its 
removal. If these fail re-exploration should be planned 
in inost cases. However, if the patient's over-all condi- 
tion warrants a conservative approach, or in the elderly, 
we have usually removed the T-tube and waited for the 
development of symptoms. Surprisingly, patients treated 
this way often remain asymptomatic. 

Since the T-tube provides coritinued access to the bile 
duct, the prospect of treating retained stones via this 
route has long intrigued surgeons. The technics devised 
for this purpose fall into three categories: chemical dis- 
solution, hydrodynamic flushing, and instrumental frag- 
mentation or extraction. 

Manipulation of stones in the duct with instruments 
has not been as popular an approach as the others be- 
cause of the potential hazard of injury to the duct. The 
advent of fluoroscopy with image interisification has in- 
vited new attempts at instrumentation under continuous 
radiological control The experience gained by radiolo- 
gists in the use of catheters during angiography has gen- 
erated more refined niethods for directing flexible in- 
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Fic. 8. Schema for the management of patients with gallbladder 
disease to detect common duct stones, The significance of jaundice 
is explained in the text. 











struments. Lamis ef al.82 were able to catheterize the 
common duct and. dilate the sphincter of Oddi. In two 
patients stones were pushed into the duodenum, with 
Coudé tipped urethral catheters. Mazariello *! reported 
experiences in extracting stones by using a flexible 
(Mondet) forceps which was introduced through the 
fistulous tract of the T-tube. His success rate in 76 pa- 
tients was 86% and significant complications were not en- 
countered. Mahorner and Bean? and Magarey?" have 
described use of the ureteral (Dormia) basket which can 
be passed into the duct to capture or fragment retained 
stones. We have used this method in five patients in 
whom stones persisted despite treatment by sodium 
cholate infusion. Problems were encountered because a 
tortuous tract could not be negotiated by the catheter; 
the stone was too large to be grasped; a stone entered 
the cyste duct stump and could not be reached. There 
have been no injuries to ducts in our small series and 
the good results in two patients have encouraged con- 
tinued use of this technic. Improvements in instrumenta- 
tion undoubtedly will lead to greater efficiency. Me- 
chanical methods to eliminate retained stones may 
become the most popular because they are potentially 
quick and simple to perform. 

Flushing and chemical treatments of retained stones 
were first used in 1891 when Walker ** successfully re- 
moved a stone by topical application of ether and glycer- 
in through a cholecystostomy fistula. Pribram *5 used 
intermittent injections of ether into the common duct 
tube to treat retained stones in 51 patients and claimed 
success in all cases. He attributed his good results to dis- 
solution of the stones. Best et al9 described detailed 
studies of various agents which had been própósed to 
solubilize cholesterol gallstones. Chloroform and ether 
were found to be most potent, and a number of other 
agents including sodium taurocholate were judged to be 
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inactive. Best" proposed that retained stones first be 
treated by a regimen designed to increase bile flow ànd 
simultaneously decrease sphincteric resistance so the 
stones could be flushed into the duodenum. If this was 
insufficient, ether, or ether and chloroform, given on 
alternate days was prescribed resulting in dissolution of 
many of the residual stones. Receritly Gardner ét al. 
showed that heparin increased the suspension stability of 
particles in bile and they advocated 18 infusing a heparin 
sohition into the T-tube to treat retained stones. 

Cole and Harridge 1 reported thé disappearance of re- 
tained. stones from tlie ducts of nine patients treated for 
8 to 13 weeks by the oral administrátion of bile salts, 3 to 
4 Gm. per day. The preparation of bile salts used in these 
patients was not described. The effect could. possibly 
have been the result of increased biliary flow or increased 
‘capacity of the bile to solubilize cholesterol. Cole’s and 
Harridge's techiiic is reminiscent of an earlier report by 
Rewbridge ** and a recent one by Danziger et al." in 
which oral administration of bile salts resulted in the dis- 
appearance of stones from an intact gallbladder. How- 
ever, in the latter study 1 to 2 years of bile salt admin- 
istration was necessary for dissolution of stones. 

- Sodium cholate solutions were instilled into ducts con- 
taining retained stones in the present series in the ex- 
pectation that the cholesterol matrix of the stone would 
dissolve and the stone would crumble. A similar event 
happens in vitro in only some of the cholesterol stones 
that: we have studied. The concentration of sodium cho- 
late was chosen to correspond with the usual bile salt 
concentration of gallbladder bile and was greater than 
the concentrations tested by Best et al? Because of the 
dangers of causing bacteremia,25?7.5" the system was de- 
signed to ensure that biliary pressure would not be ele- 
vated to unphysiologicál levels. The stones were elimi- 
nated in 55% of the patients but in many cases it is impos- 
sible to know whether the stone passed intact into the 
duodenum or if it became fragmented first. We suspect 
that both flushing and dissolution are actively responsible 
for. the results, The various facets of the technic were 
arbitrarily chosen and improved results can be expected 
as modifications of the infusion rate, time of perfusion, 
and composition of the solution are tested. 


Summary 


The treatment of 200 patients who had choledochoto- 
miés for the diagnosis of choledocholithiasis between 
1960 and 1969 were analyzed. Common duct exploration 
revealed stones iri 70% of all patients and in 65% of those 
who had cholecystectomies and choledochotomies. Of 
952 patients having cholecystectomies during this period 
21% were explored and stones were found in 14.49. The 
routine use of operative cholangiography apparently ac- 
counts for the high number of positive explorations. 
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A palpable stone was found in almost half of positive 
explorations and was the most reliable indication. Jaun- 
dice was a reliable indication for stones if the value was 
above 7.0 mg./100 ml. or if it accompanied an attack of 
cholangitis. Mild jaundice by itself, small stones, or a 
dilated duct are unreliable indicators of common duct 
stones in the absence of palpable stones of cholangitis. 
Operative cholangiography should be used to establish 


the presence or absence of stones in these circumstances. 


Residual stones were located by postoperative cho- 
langiography in 7% of the 200 patients. Residual stones 
have been treated by chemical dissolution or mechanical 
extraction with a success rate greater than 50%. With im- 
proved methods and more experience a much higher suc- 
cess rate may be expected: 

Extraction of stones under fluoroscope was performed 
with Dr. Henry Goldberg. Dept of Radiology. 
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creatic duct visualized on the pre-exploration film is often not 
seen on the completion film. 

-The newer evidence now suggesting that the primary event in 
the pathogenesis of the cholesterol stone is the secretion of ab- 
normal bile rather than primarily abnormal cholecystic function, 
again points up the surgeon’s responsibility when performing 
cholecystectomy to prove the innocence or guilt of the common 
and hepatic ducts. This can be accomplished best with operative 
cholangiography. By its use the extravagant resort to open com- 
mon duct instrumentation is avoided and at the same time sus- 
pected stones are occasionally discovered. Good quality films 
depend upon appropriate kilovoltage, and correct interpretation de- 
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pends upon frequent use—an added reason for employing it 
more routinely. False positive cholangiograms will be unappre- 
ciable if, in the case of questionable interpretation, the x-ray is 
repeated before actual exploration. 

In support of the wider use of operative cholangiography I 
believe it pertinent to recall several of the findings we presented 
before this association 4 years ago. In that reported study, co- 
authored with Dr. Philip Jolly, 1,500 consecutive patients under- 
going cholecystectomy were followed postoperatively from 2 to 12 
hehe for evidence of over-looked stones. Since in just about one- 

alf of the patients operative cholangiography had been used, we 
were able to' compare the long-term results with and without its 
use. This is the only such postoperative correlation of which I am 
aware. In this study open cholangiography yielded these rewards: 
373 ducts, suspect because of small stones in the gallbladder or 
moderate dilatation of the duct, were spared unnecessary explora- 
tion. In 24 patients completely unsuspected stones were recov- 
ered from he ducts. Sixteen patients were spared a second 
operation by the completion cholangiogram, and two more under- 
went a second operation, because the surgeon, tired or disbe- 
lieving, ignored a positive completion cholangiogram. In addition 
to these advantages, the x-ray films provided for future ref- 
erence a permanent visual record of the entire biliary tract and 
often showed also the relationship of the biliary and pancreatic 
ducts. But, the most significant thing we learned was that the 
operative cbolangiography in this comparative follow-up study, 

though not'perfect, proved even more dependable than open 
choledochostomy in defining the innocence or guilt or the common 
and hepatic bile ducts. 

Drs. Way, Admerand and Dunphy have contributed practical 
assistance in a commonly encountered problem. 


Dr. Bennarp Garpner (Brooklyn): About a year ago we 
hypothesized: that the use of heparin in the Kopin of the 
common bile duct would be beneficial for the dissolution of gall- 
stones, This was based on a series of experiments in which we 
were able to demonstrate that the negative charge supplied by 
heparin was most likely absorbed to the micelle and produced 
an increase in the dispersion of the micelles in bile. 

[Slide] Since that time we have had the opportunity of treat- 
ing six patients successfully with the use of intracholedochal 
heparin. These are just some before-and-after slides: 

[Slide] The same patient after the use of heparinized saline 
injection. 

[Slide] Before the use of the injection; [slide] and after the 
use. 

[Slide] The third patient; [slide] and once again after the use 
of the heparin irrigation. 

[Slide] And the fourth patient that I will present at this dis- 
cussion; [slide] and after the use of the heparinized saline. 

We have had the opportunity of using this in six patients suc- 
cessfully at this particles time, The heparin is used in a dose of 
25,000 units in 250 cc. of saline every 8 hours. It is given as a 
continuous drip around the clock. We have been extremely im- 
pressed by the fact that cholangiograms repeated at 5-day inter- 
vals show that within a matter of about 5 days the stones are 

one. i 
a Some of the clinical information on following the patients 
seemed to indicate that the largest stones were fragmented and the 
smaller fragments passed, because on occasion with the use of the 
drip the patients had some fleeting episodes o? pain, which sub- 
sided after a few minutes. 


Dr. Frank Grenn (New York City): So prevalent is biliary 
tract disease that most of us in this room are in one way or an- 
other involved with it daily either as a surgeon or with a mem- 
ber of our family or ourselves as a patient. 

I must say that this is an excellent presentation. For a long 
time I was convinced that we should be very cautious about 
putting anything in the common duct in an attempt to dissolve 
a stone or dislodge it, or do something else to the common duct 
that might injure it. The reason for this rested chiefly in the na- 
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ture of the substances that were used. Harsh chemical substances, 
volatile mixtures of ether and chloroform that distended the ductal 
system were responsible for numerous complications. Their use was 
often followed by pain, high fever and sometimes severe cho- 
langitis. 

Now we are in a new era and we are employing new approaches 
aimed at the development of stones, how they may be prevented 
or reduced in size. The work of Alan Hoffman and his group at 
the Mayo Clinic reported in January of this year may be very pro- 
ductive in the future. The decrease in the incidence of biliary cal- 
culi in our population rests in their prevention. Specifically 1 look 
toward reducing their formation in young women during preg- 
nancy. Research in baboons currently being pursued is encour- 
aging. 

The matter of postcholecystectomy choledocholithiasis discussed 
by the authors is but one of the problems in the management of 
calculous biliary tract disease. Over a period of 40 years with an 
experience cf over 7000 patients at The New York Hospital-Cor- 
nell Medical Center it was concluded that postcholecystectomy 
choledocholithiasis accounted for between 2-3% of the operations. 
I believe this is representative of the overall experience of surgeons 
throughout the United States. The incidence is being reduced 
and as our facilities for x-ray usage in the operating rooms im- 
prove the trend should continue. 

Anticipation of calculi in the common duct and specific efforts 
to seek out indications of their presence prior to operation are 
factors in reducing them. When we are Lae a great number 
of arene operations over the country, it is important to 
employ all aids available. 

There has been comment about cholangiography. All I can say 
is: Use anything that will give information that you need to try to 

revent this complication. There is a place for intravenous cho- 
angiography, particularly in those individuals who are in the 
upper aze groups, or who have any of the manifestations of com- 
mon duct abnormalities such as have been pointed cut here this 
afternoon. 

In regard to operative cholangiography, within the next 10 
years most of our operating rooms will be so equipped that op- 
erative cholangiography can be performed routinely with an 
image intensifier, which will be a step forward. To watch the dye 
go in, flow around or hesitate, not only indicates the nature of 
calculi, but it reveals other abnormalities including congenital 
anomalies. 

Finally we should bear in mind that even though we do re- 
move calculi, they may later form again. I would estimate that 
perhaps almost 25% are associated not with calculi being left in 
the duct, but have formed thereafter. This is another reason for 
very careful follow-up studies on patients, particularly those who 


. are obese, those who have high cholesterol levels or other related 


nutritional disturbances even if they have minimal symptoms. 

I want to compliment the authors on this paper. It was excel- 
lent, and I just hope that they continue to tollow their patients 
for long periods of time. Much is needed to control this dis- 
ease, which is certainly so prevalent and accounts for so much 
of our surgical treatment today, particularly conclusions based on 
long-time observations. We are doing a great deal better now 
that we did 10 years ago. Dr. Joel Baker who is here today de- 
serves much erode for emphasizing that operative cholangiography 
can be done without great risk to the patient. 


Dm. Pure SANDBLOM (Lund, Sweden): I should like to say 
how happy I am to come to your meetings from the other side 
of the waters, as they give the most valuable information to the 
surgeon. 

I also want to congratulate the authors of this very fine paper, 
and I am happy to say that their conclusions are exactly the same 
as ours. In Sweden we have routinely used the peroperative 
cholangiography for more than 25 years, and have found it to 
be of great value. 

We have a very similar figure about retained stones. The in- 
cidence of common duct stones in cholelithiasis is, perhaps, a 
little bit higher than yours—about 20%. This figure is so uniform 
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that if a center reports less we suspect them of leaving some 
stones behind, and this generally bears up in the postoperative 
examination. 

I am rather abstemious about instrumental exploration of the 
common duct because, when reading the literature carefully, 
one finds an increasing number of postoperative complications 
caused by careless exploration. With time we will learn to be 
more careful in our explorations, which might result in post- 
operative stricture, stenosis, cholangitis, and hemobilia. Hemo- 
bilia is one of the causes of recurring stones. If a few coaguli 
remain in the common duct, they are very likely to cause new 
stones, as Dr. Glenn has pointed out. 

We depend so much on the operative cholangiogram that we, 
with Dr. Baker think that it should always be done as the first 
procedure. If you are tempted, when finding a stone, to open the 
duct right away, you will greatly risk the introduction of air, and 
have the much greater risk of putting the sphincter into a tight 
spasm. It will then be much more difficult to evaluate the titration 
and you might be led to perform an unnecessary sphincterotomy. 

If stones are found on a good cholangiogram, which should tell 
the exact number, size ait location, I generally milk them out 
carefully with my fingers and take a secondary cholangiogram 
right away. In about half the cases I do not need to introduce 
any instrument at all, which I think should be the preferred 
procedure. 

This might be thought to be going a little bit far, but it is the 
result of our knowledge and fear of postoperative complications, 
and I think also the consequence of getting very good routine 
operative cholangiograms. 
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Dr. Lawrence W. Way (Closing): In response to one of the 
points that Dr. Baker made, perhaps I should introduce a word 
of caution regarding the reliability of pre-exploratory cholangiog- 
raphy when stones are known to be present in the duct. In most 
cases in our series when the duct contained palpable stones, and 
pre-exploratory cholangiograms were done, the actual number of 
stones was underestimated. Thus, if one estimates the number of 
stones from the cholangiogram and extracts that number from 
the duct, he is not relieved from the obligation of doing a post- 
exploratory study. 

Dr. Gardner, I wish to compliment you on your excelleat 
studies, and to point out to the members of the audience that 
since 1891, there have been a number of different chemical tech- 
nics used for stone dissolution employing ether, chloroform, and 
now bile salts. Dr. Gardner's is the first new theoretical ap- 
proach in the chemical treatment of stones, and displays imagi- 
nation. Perhaps the etching of the stone by the bile salts and the 
effects of heparin would prove to be synergistic, if this were 
tested. l 

Dr. Glenn, we have observed image intensification fluoroscopy 
in P-ofessor Maurice Macardier’s operating rooms in Paris, and 
have been impressed by the value of this technic in producing 
higher quality cholangiograms. I am sure that most of us will 
have this equipment in our operating rooms before long. 

Dr. Sandblom, yes, one of our major conclusions was that un- 
necessary choledochotomy should be avoided by the use of 
cholangiograms. 
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Gastric Acid Secretion and Gastrin 
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"HE FREQUENCY of peptic ulcer disease in patients with 
Tasse usciti has been well documented. In 
previously reported series, the incidence of proven peptic 
ulceration in such patients has been between 8 and 30%. 
Ostrow, Blanchard and Gray !5 reviewed six series with 
an incidence of 9% in 249 patients, Cope * reported an 
8% incidence in 230 cases and Wilder, Frame and Haub- 
rich ?* reported seven proven ulcers in 24 cases, an inci- 
dence of almost 30%. In the current series of 431 cases of 
hyperparathyroidism treated at the Massachusetts Gen- 
eral Hospital epigastric symptoms were present in 43%, 
17% had proven peptic ulceration, and nearly 5% had 
already undergone operation for ulcer disease when their 
parathyroid disease was first diagnosed. These data sug- 
gest that peptic ulcer disease is more common in hyper- 
parathyroid patients than in the general population, in 
whom an incidence of 5-10% is generally accepted.’ 

The hypothesis that the peptic ulcer disease in these 
patients is casually related to their hyperparathyroidism 
is supported by the observed remission in ulcer symp- 
tomatology following successful parathyroid opera- 
tion.^?? Tt has also been noted that basal output of gas- 
tric acid is abnormally elevated in some patients with 
hyperparathyroidism ?? and that basal acid secretion re- 
turns to within the normal range postoperatively.:922 — 

Parathyroidectomy is followed by a fall in circulating 
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calcium levels; the effect of calcium on gastric acid se- 
cretion in man has been previously documented. Levels 
below 7mg./100ml. inhibit gastric acid secretion,’ and 
calcium infusions increase acid output in some normal pa- 
tients; patients with duodenal ulceration show a pro- 
nounced acid response 251420 and a similar association 
has also been suggested in the Zollinger-Ellison Syn- 
drome.* 

Other studies have shown that calcium increases the 
rate of release of polypeptide hormones other than ‘gas- 
trin. Calcium facilitates the synaptic release of acetyl- 
choline and therefore could increase gastric acid secre- 
tion both directly through the vagal stimulation of the 
parietal cell mass, and also via vagally-mediated gastrin 
release. However, the failure of anticholinergic agents to 
inhibit basal acid hypersecretion in hyperparathyroid- 
ism” indicates a stimulus acting via a mechanism inde- 
pendent of vagal innervation. More recently, calcium 
induced increases in gastric acid secretion have been 
demonstrated to directly influence plasma gastrin levels 
in the Zollinger-Ellison Syndrome.” 

Little is known of the effect of parathyroid hormone on 
gastrin or gastric acid secretion, although it has been sug- 
gested that gastrin release may follow infusions of the 
bovine hormone” and that injections of the bovine 
hormone extract increase basal acid output However, 
similarly administered parathormone failed to influence 
basal acid output in duodenal ulcer patients * and a 
parathyroid hormone infusion in a patient with the Zol- 


360 


Vel. 176 + No. 3 
linger-Ellison Syndrome showed no change in either 
gastrin or calcium levels.” 

In this study, the relationship between gastric acid 
secretion and blood levels of calcium, parathormone, 
and gastrin in patients with hyperparathyroidism have 
been investigated both before and after parathyroid op- 
eration. These studies reveal a variety of patterns of gas- 
tric acid secretion in these patients. While generally 
confirming the previously réported effects of calcium on 
gastric acid secretion and plasma gastrin, these studiés 
suggest that the relationship may be considerably more 
complex than has been heretofore suggested. 


Methods 


Gastrin Radioirimunoassay 


Preparation of antigen was similar to that described 
by MeGuigan. Five mg of synthetic human gastrin, 


‘residues 2-17 (2-17 SHG, Imperial Chemical Industries ) 


were added to approximately 2.2 x 10° cpm. of. labelled 
128] 2-17 SHG, and mixed with 10 mg. bovine serum al- 
bumin in 0.33 ml. 05M pH 7.4 potassium phosphate buf- 
fet. Carbodiimide,* 42 mg:, was added and the reaction 
allowed to proceed for 20 hr. at 20° C. After dialysis for 
24 hr, approximately 9.3 moles of 2-17 SHG were 
coupled per mole of bovine serum albumin. This prepara- 
tion was injected with Freund's adjuvant into the toe- 
pads of four rabbits. A booster injection of the same 
antigen material was given in the same manner 6 months 
later and the rabbits bled after a further 7 days via the 
central ear artery. Serum obtained in this way from one 
of the four rabbits is used as aritibody in a final dilution 
of 1:150,000. 


Radioiodination of Gastrin 


1 pg SHG 1-17 is added with 100 yl pH7 0:5 M phos- 
phate buffer to 2 mCi cartier-free 1257 in 8:4] NaOH. 
Chloramine T is used as an oxidizing agent. The reactión 
is allowed to proceed for 60 seconds according to the 
method of Hunter and Greenwood,?!! Sodium bisulfite 
(2.5 mg./ml.) in pH 7.4 0.5 M phosphate buffer is used to 
stop the reaction. The resultant product is then applied 
at 4? C to a G10 Sephadex column of 12 ml. capacity with 
a drip rate. of approximately l per 20 seconds. The 
labelled peptide appears in the void volume. Estimated 
specific activity is generally 250 mCi/ml. The labelled 
peptide is then further purifled by starch gel electro- 
phoresis. 


Assay Technic 


Incubation comporients of the radioimmunoassay for 
gastriri are 50 yl of the plasma sample to be assayed, 230 





$ LeBjlà (3 dimethyl-amino-propyl). 
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Fic. 1: Gastrin radioimmunoassay standard curve. A standaid 
curve for the radioimmunoassay of gastrin which is performed 
with every assay of patient plasma, SHG 1:17 is diluted with 
known degastrinized human plasma. The results of the unknown 
are then read off the curve. 


p1 0.02 M Barbital büffér (pH 8.2), 2,000 c.p.m. #5] 1-17; 
SHG in 100 pl Barbital buffer and 100 al 1:30,000 rabbit 
antigastrin antibody, making a final. antibody dilution of 
1:150,000. The mixture is incubated for up to 5 days at 
4? C. Separation is achieved with 200 4l dextrari-coated 
charcoal and the supernate decanted after ceritrifuga- 
tioni. Both bound and free components are counted: De- 
terminations are carried out in triplicate, with triplicate 
“damage” tubes to which no antibody has. been added. 
Standard curves are obtained by adding known quan- 
tities of SHG 1:17 to human plasma which has been 
rendered gastrin-free by washing with dextran-coated 
charcoal (Fig. 1). The coefficient of variation for the 
assay using this technic is 5 + 1.3%. By this technic, gas- 
trin can be accurately assayed from 20-1,000 pg/ml. and 
Jevels above 1,000 pg/ml. can be measured by dilution 
of the plasma. sample witli degastrinized plasma. 

The normal range of plasma gastrin (PG) levels for 
this laboratory is below 200 pg/ml. Levels above 1,000 

pg/ml., in the absence of achlorhydria, generally indi- 
cate the Zollinger-Ellison Syndrome. 


Effect of Increased Calcium Concentrations 


It was thought that increased concentrations of cal- 
cium in the plasma samples of hypercalcemic patients 
might exert an effect on antibody binding, so giving rise 
to falsely elevated gastrin estimations. This effect was 
investigated by adding serial dilutions of a solution of 
calcium chloride in 0.02 M pH 8.2 Barbital buffer to gas- 

trin-free human plasma and assaying this mixture in thé 
usual way. Final concentrations of calcium in the assay 
mixture were chosen to cover tlie normal and hyper- 
calcemic range as well as higher, non-physiological levels. 
Results indicate that no significant effect is exerted in the 
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Fic, 2. The effect of increasing calcium conzentrations on anti- 
body binding in gastrin radioimmunoassay: Antibody to gastrin 
and 128] labelled SHG 1:17 are incubated in degastrirized 
plasma with increasing concentrations of calcium as described in 
the text. The results suggest a specific effect cn. antibody bindin 
to SHG 1:17. However, this efect is seen only in an elevate 
range of calcium concentration and not in the normal and hyper- 
calcemic range as seen in patients. 


range 5-15 mg./100 ml. although above this level, bind- 
ing appears to be increasingly enhanced (Fig. 2). 


Gastric Acid Secretion 


Augmented histamine tests were carried out as de- 
scribed by Kay.!? After an overnight fast, a #16 or 18 
naso-gastric tube was introduced non-flucroscopically and 
a basal, one hour collection of gastric contents obtained. 
Hand aspiration was applied every 15 minutes. Bena- 
dryl, 50 mg. intramuscularly, was shortly followed by a 
subcutaneous injection of 0.04 mg./Kg. histamine acid 
phosphate. Samples of gastric juice were collected at 15- 
minute intervals for the next hour by intermittent pump 
and hand aspiration and the total titratable acidity and 
volume recorded. Basal and maximal acid output were 
then calculated. Prior to testing, blood was drawn for 
gastrin assay, calcium estimation, and parathormone de- 
terminations. 


Parathyroid Hormone Assay 
This was carried out by the method already described.” 


Results 


The investigations presented in this study were car- 
ried out at the Massachusetts General Hospital in 23 
patients with primary hyperparathyroidism. There were 
13 men (meari age 51 years, range 31-68 years) and 10 
women (mean age 45 years, range 16-63 years). Five 
patients complained of epigastric symptoms related to 
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Operation 


Fic. 3. The effects of treating hypercalcernia with neutroplios in a 
patient who subsequently underwent parathyroidectomy. This pa- 
tient was markedly symptomatic from hypercalcémia and was 
treated with neutral phosphate for one month prior to his con- 
teniplated surgery. The improvement in his epigastric symptoma- 
tology coincided with the decrease in à markedly elevated basal 
acid output. Following surgery basal acid output decreased even 
further as did serum calcium. He has been well since operation. 


food and three had radiologically proven duodenal 
ulceration, an incidence in this small group of 13%. Of 
the five symptomatic patients, one had an exacerbation 
of ulceration in the immediate postoperative period and 
later improved, and the other four were improved im- 
mediately including two patients corisidered preopera- 
tively to have secretion studies suggesting the Zollinger- 
Ellison Syndrome. In one of the latter two, symptoniatic 
improvement was moderate with phosphate treatment of 
hypercalcemia; complete remission of symptoms followed 
parathyroidectomy. Basal acid outputs showed similar 
changes (Fig. 3). 

In 19 patients, the diagnosis of primary hyperpara- 
thyroidism was confirmed pathologically by demonstrat- 
ing a parathyroid adenoma in the absence of hyperplasia 
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in at least one other biopsied gland. There was no de- 
monstrable cause for the parathyroid hyperplasia found in 
the other four patients and they were thus considered to 
have the primary hyperplasia. 


Acid Secretion 


Histamine stimulation tests were performed in 12 
patients (Table 1), both pre- and postoperatively. Fol- 
lowing the preoperative test, three patients (all women, 
aged 41, 55, and 57 years) were found to have achlorhy- 
dria. The Zollinger-Ellison Syndrome was indicated in 
two patients (1 man, aged 44 and 1 women, aged 38) by 
basal to maximal acid output ratios (BAO/MAO) of 
greater than 0.4. The results in these five patients are 
considered separately later. 

Of the other seven patients in whom acid studies were 
carried out, the mean of the BAO was 5.1 + 1.6 mEq 
HCl preoperatively, which fell to 35 + 12 mEq HCI 
postoperatively (p is not significant). The mean of the 
maximal histamine response (MHR) in these patients 
was not altered by parathyroid operation, being 10.7 + 
2.6 mEq HCl before operation and 10.6 + 3.2 mEq HCl 
after operation (Fig. 4.) Five of these patients had 
elevated acid levels preoperatively in one the level was 
low (0.6 mEq HCl, changing to 0.7 mEq HCI postopera- 
tively), and one patient, with a normal BAO, had re- 
activation of a previously healed duodenal ulcer during 
the postoperative period, accompanied by a rise in BAO 
(2.1 preoperatively to 5.6 mEq HCl). A further aug- 
mented histamine test has not been obtained following 
quiescence of ulcer symptoms. 

In five additional patients, augmented histamine tests 
were performed preoperatively. Three patients have not 
been operated on to date and are not included in the 
present series. Two patients refused postoperative hista- 
mine tests. Of these five, two had elevated basal acid out- 
puts; the other three were within normal range. None 
were achlorhydric. 


TABLE 1. Results of Preoperative Augmented Histamine Tests in 


Hyper parthyroidism 





E Elevated Basal 
Normal 
Achlorhydria 
Zollinger-Ellison 
Syndrome (BAO/MAO > 
0.4) 


WN ín 


2 


Total 12 





The results of augmented histamine tests as done preoperatively 
in those 12 patients completely studied with preoperative and post- 
operative augmented histamine tests, gastrins, calciums and para- 


` thyroid hormones. Five patients had elevated basal acid secretions 


and two additional had gastric secretory criteria suggestive of the 
Zollinger-Ellison Syndrome. The remainder were either normal or 
histamine fast achlorhydric, a group further described in the text. 
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BASAL HISTAMINE 
HOUR RESPONSE 
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Fic. 4, Augmented histamine test in seven patients with known 
hyperparathyroidism pre- and postoperatively: Note that while 
the basal acid output falls it does not do so significantly. This is 
due to the small number of patients in the series (see discussion ). 
The maximal histamine response on the other hand remains exactly 
the same, 


Serum Calcium 


Serial serum calcium levels were determined pre- and 
postoperatively. All calciums fell following definite op- 
eration from a preoperative level of 11.4 + 0.2 mg./100 
ml. to 8.7 = 0.1 mg./100 ml. (p < 0.001). 


Plasma Gastrin 


In patients in whom acid studies were performed, 
plasma gastrin levels (PG) were assayed in blood drawn 
immediately prior to histamine stimulation, as well as in 
fasting samples drawn at other times during the pre- 
and postoperative periods. Most patients had multiple 
samples assayed and each sample was assayed in tripli- 
cate in at least two separate assay determinations. 

The mean preoperative PG level in 18 patients with 
hyperparathyroidism uncomplicated by the Zollinger- 
Ellison Syndrome or achlorhydria was 122 + 39 pg/ml. 
and the mean postoperative value was 45 + 12 pg/ml, 
(p « 0.001). Of these patients, eight had preoperative 
levels considered to be above, or in the upper limits of, 
the normal range. Their preoperative mean PG was 
250 = 66 pg/ml, falling postoperatively to 66 + 24 
pg/ml. (p < 0.001) (Fig. 5). 

An example of one of the three patients in whom true 
achlorhydria was confirmed by histamine stimulation is 
presented in Figure 6. All showed marked elevation of 
PG preoperatively (3,400, 5,300 and 6,000 pg/ml.) which 
fell on the first post-operative day to 1,850, 1,100 and 
1,000 pg/ml., respectively. In one of these three patients 
the PG rose again to above the preoperative level within 
three weeks of parathyroid operation. In the other two 
achlorhydric patients, the PG has remained at approxi- 
mately the immediate postoperative level, although still 
markedly elevated. None of these patients demonstrated 
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acid levels were unaffected by operation. This patient 
p is considered to have the true Zollinger-Ellison Syndrome 
è ES Pre-o» d UD in association with hyperparathyroidism, an example of 
Š FA Post-0p mia the multiple endocrine adenoma (MEA) syndrome. He 
T i is the only patient with persistent ulcer symptoms al- 
FS 209 though gastric operation has been refused. In the other 
E T patient with elevated preoperative PG levels and without 
© p«0.001 achlorhydria (Fig. 7b), the PG levels fell postoperatively 
S nal E to 500 and 430 pg/ml. and remained below the Zol- 
Q ' linger-Ellison Syndrome range although increasing to 700 
g pg/ml. 22 months after parathyroid operation. Gastric 


PLASMA GASTRIN 
IN CASES WITH 
ELEVATED ' PRE-OP LEVELS 


PLASMA GASTRIN 
(All Pts) 


Fic. 5. Plasma gastrin in hyperparathyroid: patients before and 
after operation. In the histogram shown at the left, all patients 
are included. The fall in plasma gastrin from 122 + 39 pg/ml. 
to 45 + 12 pg/ml. is significant i2 < 0.001). In the histogram 
Shown at the right only those aight. patients is gàstrins: were 
in the upper range of normal are included. The preoperative 
mean pg i 250 + ao pg/ml. fell even further to 66 + 24 pg/ml. 
(p < 0.001). ` 


the hematologic stigmata of pernicious anemia. Further 
studies on the source and nature of the elevated gastrin 
will be reported i ina subsequent publication, — 

Results in the two patients with elevated preoperative 
PG levels, but not showing achlorhydria, are presented 
in Figure 7. Preoperative PG levels were well within the 
Zollinger-Ellison Syndrome range and acid secretion tests 
showed BAO/MAO ratios of greater than 0.4. In one 
patient (Fig. 7a), there was a reduction in PG to 900 

pg/ml immediately after parathyroid operation but 
levels returned to. well within the Zollinger-Ellison Syn- 
drome range within 4 months of operation and gastric 
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Fic. 6. One of three patients with histamine fast achlorhydria and 
preoperative elevated gastrin. Note that as calcium falls following 
resection of a parathyroid adenoma ‘gastrin falls as well. In sub- 
sequent. studies ‘plasma gastrin has remained approximately at the 
same level. 





acid levels fell to within the normal range postopera- 
tively and this patient is considered to have demon- 
strated a “pseudo” Zollinger- Ellison Syndrome. Her pre- 
senting symptoms, sprue-like diarrhea secondary to 
hyperacidity, was completely relieved by parathyroid- 
ectomy. 
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Fic. 7a. Seriel serum calciums, acid secretions and gastrins on a 
patient with orobable true Zollin x er-Ellison Syndrome. Note that 
although there is a transient fall in serum gastrin immediately 
postoperatively, this returns to even higher Jevels shortly there- 
after. Similarly the changes in basal acid output, although tran- 
siently improved, return to their previous exaggerated level. This 
patient has refused operatión and still häs an active duodënal ulcer, 
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Fic. 7b. Serum calciums, gastrins and acid outputs on a patient 
thought to have a "pseudo" Zollinger-Ellison Syndrome. Note that 
following resection of parathyroid hyperplasia serum gastrins fell 
from their previously markedly elevated level to a high normal 
value but not in the range of a Zollinger-Ellison Syndrome. Basal 
acid output however, decreased five-fold with subsidence of 
the "sprue-like" diarrhea previously present. 


Parathyroid Hormone Estimations 


Seventeen patients had peripheral parathormone esti- 
mations before and nine after operation. The mean of 
the preoperative levels was 1.3 + 0.2 ng/ml., and the 
postoperative mean was 0.6 + 0.18 ng/ml. (P = 0.05). 


EDTA & Calcium Infusions 


In all the above studies, parathyroidectomy was fol- 
lowed by a decrease in estimated levels of calcium, gas- 
trin and parathyroid hormone as well as basal acid 
secretion. It is not possible, therefore, to differentiate 
calcium and parathyroid hormone influences on plasma 
gastrin, if both should happen to be present. Such a dis- 
sociation is possible by use of calcium infusions in which 
parathyroid hormone decreases, and EDTA infusions, 
which may result in increased parathyroid hormone 
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Fic. 8. Plasma gastrin levels during calcium infusions. Preliminary 
results in a series of calcium infusions carried out in patients with 
hyperparathyroidism. With the infusion of calcium, plasma para- 
thormone decreases. In general these patients distribute in three 
groups. With increasing responses of serum calcium over a 2-hour 
period increasing release of plasma is seen. 


levels. Such infusions have been carried out in conjunc- 
tion with Dr. David Powell of the Endocrine. Unit of the 
Massachusetts General Hospital. 

Preliminary results of estimation of plasma gastrin 
levels suggest that the relationship between calcium and 
gastrin may be complex. Modest increases in ionized 
calcium (less than 30%) failed to provoke a rise in plasma 
gastrin, while greater increases appeared to provoke a 
proportionally greater increase in plasma gastrin (Fig. 
8). EDTA infusions resulted in variable response of 
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Fic. 9. Response of plasma gastrin following EDTA infusions. 
During EDTA infusions calcium sometimes decreases and should 
result in an increase in plasma parathormone. A significant drop 
in serum calcium results in a fall in plasma gastrin, At the right, 
case B, an insignificant drop in serum calcium is obtained. Para- 
thormone increases and the resulting rise in plasma gastrin ap- 
pears to parallel the increase in parathormone. This raises the 
question of the secondary role for parathyroid hormone in the 
control of plasma gastrin level. 
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TABLE 2. Basal Acid Output in Hyperparathyroidism 


Number with Number in 





elevated BAO series 

Ostrow et al. 0 7 
Barreras & Donaldson! 2 5 
Ward et al.™ 5 9 
Donegan and Spiro? 1 5 
Patterson et al.is 3 13 
Present Series 7 12 

Total 18 51 


= 35% 


Comparison of various published series: total number of patients 
is contrasted -with numbers of patients with increased basal acid 
production. 

Incidence of basal acid hypersecretion is 35%. 





plasma gastrin. When ionized calcium decreased sig- 
nificantly, plasma gastrin decreased as well. When cal- 
cium was relatively unchanged, an effect of parathyroid 
hormone on plasma gastrin may have been present (Fig. 
9). These and other results will be more fully reported 
in a subsequent publication. 


Discussion 


The relationship between hyperparathyroidism and 
peptic ulcer has been well documented,9!9?3 but its 
exact causation remains unclear. While speculation has 
centered on a possible relationship between calcium and 
gastrin resulting increased basal acid secretion, this has 
never been fully documented nor has the possible role 
of excessive parathyroid hormone been fully investigated. 

In this series a raised basal acid output in seven of 12 
patients with hyperparathyroidism is reported. The in- 
cidence has varied in other reported series and is sum- 
marized in Table 2. Of the total 51 patients in the four 
series, 18 (352) had elevated basal acid output. 

The fall in the mean basal acid output in the seven 
patients in this series, after parathyroid operation, lacks 
statistical significance, with p greater than 0.05, a find- 
ing common to several other reported series with small 
numbers of patients. 192? However, in all of these series 
a decreased basal acid output followed successful para- 
thyroid operation and, combining these three series with 
the cases reported here, gives a total of 26 patients with 
a mean preoperative BAO of 5.2 + 1.0 mEq HCI falling 
to 2.5 + 0.5 mEq HCl postoperatively (P = 0.02) (Fig. 
10). It should be pointed out that the exclusion of two 
series, those of Donegan and Spiro? and Ostrow et al.!5 
with a low incidence of elevated preoperative basal acid 
output because of incomparable data, tends to bias these 
results, Also, there is a tendency in the other series for 
only patients with elevated BAO preoperatively to be 
retested after operation, again biasing the results in 
favor of increased significance of the postoperative fall. 
In the series herein reported all patients possible were 
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Fic. 10. Basal acid output in hyperparathyroidism. Collected series 
of basal acid output in patients with hyperparathyroidism. Note 
that with each individual series the number of patients are too 
small to be of statistical significance. When all series were col- 
lected the fall in basal acid output in hyperparathyroid patients 
as measured pre- and postoperatively assumes significance. 


retested, with a similar magnitude of fall obtained. Sev- 
eral other patients were not retested following operation. 

Plasma gastrin estimations carried out in the present 
series show that 10 of 20 patients with hyperparathyroid- 
ism without achlorhydria, had elevated preoperative 
levels, including two patients considered to have the 
Zollinger-Ellison Syndrome. It is not possible to corre- 
late BAO and gastrin levels in other series because of the 
lack of gastrin estimations but, in the present series, 
three of the five patients with elevated preoperative 
basal acid outputs had elevated PG levels. 

From these data. it would appear that a certain pro- 
portion of patients with hyperparathyroidism have 
abnormally high levels of BAO before parathyroid op- 
eration and that there is a comparable group with ab- 
normally high PG levels. Both BAO and PG levels in all 
patients studied decrease significantly following success- 
ful operation, a decrease which is even more marked in 
those patients having elevated levels preoperatively. 

These changes are accompanied by the expected fall 
in serum calcium and parathormone after parathyroid 
operation. With the existing evidence relating changes 
in serum calcium levels to changes in gastric acid se- 
cretion, it is reasonable to postulate that calcium change 
is the stimulus for changes in both PG and BAO, a de- 
crease in PG levels leading to reduced basal gastric acid 
secretion, and that this is a major factor in the reported 
improvement of peptic ulceration in these patients. 

The relationship between serum calcium, parathor- 
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mone and PG levels has been further investigated during 
caleium and EDTA infusions as a means whereby the 

effects of calcium and parathormone can be separated. 

This work has been carried out in cooperation with Dr. 

D. Powell of the Endocrine Unit at the Massachusetts 

General Hospital and will be the subject of a future 
. publication. Preliminary results suggest the relationship 
is not a simple one but that a certain threshold of per- 
centage change in serum calcium levels is necessary 
before the circulating levels of gastrin is increased (Fig. 
8). The applicability of these results in patients with 
rapidly changing serum calcium levels to those with per- 
 sistently elevated values is open to question, but the 
hypothesis that PG is influenced by serum calcium levels 
is supported. The response to EDTA infusions is also not 
a simple one (Fig. 9) but our results suggest that PG 
levels follow serum calcium changes if the latter are 
great enough, whereas mild stimulation by parathormone 
is suggested when the calcium change is insignificant. 
These results lend support to the findings in calcium 
infusions and also support the basic hypothesis. 

"The findings of marked elevation of plasma gastrin 
in three achlorhydric patients agrees with that of other 
workers.99:4 Because of the lack of evidence of gastric 
hypersecretion, it is possible to distinguish these pa- 
tients from those with the Zollinger-Ellison Syndrome, 
although the continuance of the postoperative fall in PG 
levels in two of these patients may indicate their raised 
PG levels were solely the result of failure of the normal 
inhibition of gastrin secretion by the effect of acid on the 
antral mucosa.9?3 Transient depression of PG levels fol- 
lowing parathyroid operation, however, does not elimi- 
nate the possibility of the Zollinger-Ellison Syndrome, 
as illustrated by the patient in this series with the true 
syndrome. 

The changes in plasma gastrin following parathy- 
roidectomy in patients suspected of having concomitant 
Zollinger-Ellison Syndrome suggest that gastric surgery 
should only be carried out if symptoms persist following 
control of hypercalcemia. The patient illustrated by 
Figure 7a is considered to have the true Zollinger-Ellison 
Syndrome with persistently elevated PG levels after suc- 
cessful parathyroid operation, and no change in a BAO- 
MAO ratio of greater than 0.4 following operation. It 
has not been possible to obtain histological proof of a 
Zollinger-Ellison adenoma or carcinoma in this patient, 
whose ulcer disease has remained controlled by non- 
operative treatment, 

In the other patient (Fig. 7b) parathyroid operation 
was undertaken in the belief that she was suffering from 
the Zollinger-Ellison Syndrome as well as hyperparathy- 
roidism. However, the marked reduction in gastric acid 
secretion postoperatively, accompanied by a fall in PG 
levels to below the Zollinger-Ellison Syndrome range, 
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suggested that parathyroid operation, and the resultant 
fall in serum calcium and parathormone had exerted a 
considerable beneficial effect. Her diarrhea, thought to 
be hyperacidic in nature, disappeared, and she has re- 
mained well since operation; although her PG has arisen 
over a period of 22 months, it remains below the Zoll- 
inger-Ellison Syndrome range. It is considered that this 
patient shows a form of the Zollinger-Ellison Syndrome 
with hyperparathyroidism which responds to correction of 
the latter condition and may be entitled the “pseudo” 
Zollinger-Ellison Syndrome. This case illustrates the ad- 
visability of correcting hyperparathyroidism in these pa- 
tients before considering surgical treatment for the cor- 
rection of ulcer disease, and also indicates the usefulness 
of gastrin estimations in patients with hyperparathyroid- 
ism, both before and after parathyroid operation. 


Summary 


In this study the relationship between gastric acid 
secretion and blood levels of calcium, parathyroid hor- 
mone and gastrin in patients wth hyperparathyroidism 
have been investigated both before and after parathy- 
roid surgery. Twenty-three patients with known hyper- 
parathyroidism were investigated. Calciums, gastrins and 
parathyroid hormone levels were determined as well as 
preoperative and postoperative augmented histamine 
tests. Several groups of patients were identified on the 
basis of augmented histamine tests. These include pa- 
tients with elevated basal acid output, patients with 
elevated basal acid outputs in whom the Zollinger-Elli- 
son Syndrome was suggested, and patients with achlor- 
hydria. 

Serum calcium as well as parathyroid hormone concen- 
trations fell following successful parathyroidectomy. 
Plasma gastrin was decreased as well. A greater fall was 
seen in that group of patients in whom preoperative 
plasma gastrin was elevated. In a group of three pa- 
tients with achlorhydria and high plasma gastrin but who 
were not typical of patients with pernicious anemia a fall 
in plasma gastrin accompanied the fall of serum calcium. 

Since the effects of decreased calcium and decreased 
parathyroid hormone levels were not separable on the 
básis of the above data, plasma gastrin was estimated 
following calcium and EDTA infusions. Preliminary data 
indicate that the level of ionized calcium is primary in 
the control of plasma levels of gastrin. The secondary 
effect of parathyroid hormone cannot be ruled out. 

Two individual patients with presumed Zollinger-Elli- 
son Syndrome co-existent with hyperathyroidism are pre- 
sented. In one patient complete remission of gastric- acid. 
hypersecretion as well as the symptoms of Zollinger-Elli- 
son Syndrome followed successful parathyroidectomy. It 
is suggested that control of hypercalcemia precede any 
attempt at remedial gastric surgery in patients suspected 
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of Zollinger-Ellison Syndrome and co-existent hyperpara- 
thyroidism. 
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DiscussioN 


Dr. James,Cuantes TzoMrsoN (Galveston): This study pro- 
vides further evidence for a closed-loop endocrine relationship 
between calcium and gastric secretion; glucagon and parathormone 
seem almost certainly to be also involved in that cycle. 

It would seem profligate for Nature to have designed a homeo- 
static mechanism for the control of calcium levels that can be 
influenced by phenomena that appear to be extraneous to the 


problem of calcium metabolisin. For example, if gastrin is in- 


volved in the homeostasis of caleium, as many data would indi- 
cate, it would seem strange that gastrin would be released by 
simple daily stimuli—as a meal —which would not seem to be in- 
volved in determining the level of calcium in blood. 

Nonetheless, there do seem to be accumulating data which 
would suggest that this is true. This very nice paper illustrates, 
perhaps, the back side of that loop. My colleague, Dr. Reeder, has 
been interested for some time in the role .of acute hypercalcemia 
in the stimulation of acid secretion, and has shown that this causes 
an acute elevation in serum gastrin. 

When we first looked into gastrin levels in hyperparathyroid 
patients, we found that they were not particularly high. How- 
ever, as we have accumulated larger numbers of hyperparathyroid 
patients, a trend towards elevation of gastzin levels seem to de- 
velop. They are not nearly so great as ir: the Zollinger-Ellison 
“range,” but they are high. 

Parenthetically, we must recognize that our previous so-called 
diagnostic levels for the Z-E syndrome are probably too high. We 


now have found patients with the Zollinger-Ellison syndrome ir 
whom levels of serum gastrin were 200 pg/ml. As is true of al 
syndromes, when we first start studying them we see only the 
more flagrant manifestations of those syndromes, Now that we are 
acquainted with the finer nuances of the disease, I think we will 
begin to pick up only borderline levels of hy arpani, 

It is important to note that oral calcium also has a capacity of 
releasing gastrin, and Dr. Reeder has shown that large doses of 
oral calcium stimulate gastric secretion and cause momentary 
elevations of serum gastrin, a finding which has, I might say, 
created some concern in the pharmaceutical industry. 

Lastly, i would like to make a couple of housekeeping remarks: 
I would suspect that the side effects that occur with the aug- 
mented histamine tests are sufficiently uncomfortable that we 
might abandon that technic. The same kind of information can be 
secured with histalog, which causes many fewer symptoms with 
paler More importantly, if the FDA will ever recant and re- 
ease pentagastrin, we will have available an innocuous—as far a: 
we know—stimulant of gastric secretion which causes almost nc 
symptoms. 

It would be important for those who are studying the relation- 
ship of hyperparathyroidism and gastrin to set up a centra 
agency to attempt to correlate levels of gastrin with chronic eleva: 
tions of serum calcium. 


Dr. R. Cameron HanmmrsoN (Vancouver): One question and a 
comment. I may have missed this, but I did not hear how many 
ulcers theze were in their group of eighteen patients. 
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In our experience in one laboratory, the reproducibility of the 
basal secretion was not satisfactory, and I wonder about the re- 
liability of the cumulative results from a number of different 
centers. Jt may be reproducible in people who have a high secre- 
tion, but not in the usual patient. 


Dr. Lawrence W, Way (San Francisco): Intravenous calcium 
infusion has been proposed as a provocative measure to unmask 
the Zollinger-Ellison syndrome when gastrin levels are border- 
line. I was interested in the last patient presented, who was 
labeled a pseudo-Z-E syndrome. When calcium is infused into 
normal subjects or to patients with ordinary duodenal ulcer, one 
ordinarily does not see serum gastrin levels in the range that was 
presented in this patient. We have studied one patient whose 
serum gastrin level was low, and who responded to the infusion 
of calcium by elevation ad gee to the Zollinger-Ellison range; 
in that patient a very small gastrin producing tumor was even- 
tually discovered. I would suspect a similar situation might be 
present in the patient L.S., labeled pseudo-Z-E. Could the au- 
thors comment on this suggestion? i 
' PresmenT Moores: I would like to ask Dr. Fischer a question: 
Did he take the opportunity—or could he—to infuse calcium in 
some 'of those hyperparathyroid patients who had subtotal gas- 
trectomies first, and see if it stimulates gastrin from extragastric 
sources, : 


Dn. Joser E. FrscuEn (Closing): First, with Dr. Thompson's 
group—our data and his data would agree almost to a T, espe- 
: cially the data presented before this society 2 years ago, and pub- 
lishéd-in the Annals of Surgery. I think the levels obtained in the 
calcium diffusions, at least.as we calculate them from the dja- 
grams, fall into the higher groups of percentage. increase in cal- 
cium, and I think our data are not different at all in that par- 
ticular circumstance, ' i — i 

One of the things that has bothered us in the manuscript is 
whether or not onè can correlate the changes that one sees in 
acute hypecalcemia, as opposed to what happens in chronic 
hypercalcemia, and I think this still remains to jo answered. 

I am pleased to know that they are finding that there are yari- 
ous patients who have different levels. Wlien we showed the slide 
of all 18 plasma gastrins in. hyperparathyroid patients, ten of 
those had levels that were essentially. indistinguishable from nor- 
mal patients, and eight of them had. gastrin levels that are, I 
think, a little higher than what.we usually see—200, 300, 400. 
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This is a plasma gastrin that we do not often see, at least in the 
run-of-the-mill group of patients with duodenal or gastric ulcers. 
I think a E is Peniamine to get a little uncomfortable 
feeling. as far as the Z-E's are concerned. We recently had a 
proven Z-E that had a plasma gastrin of 350, which. tends to 
demolish some of your cherished ideals, and also tends to make 
something which seemed so simple once upon a time more com- 
plicated, and that is also disconcerting. — : 
* Dr. Harrison's question—I forgot to mention that five in this 
group of 23 patients had ulcer disease. In this small series that 
is about 21%, probably not different than the 17% for the entire 
series that Dr. Cope and Dr. Wang have accumulated. 

The basal acid secretion is; of- course, a relatively unreliable 
test. I do not think there is ary particular advantage 'of fluoro- 
scopically placing the tube. The technician who does these has 
been doing them for about 10 years. There does not seem to be 
much difference whether she uses flüoroscopy or not. While I 
think everyone would admit that while an hourly basal collection 
is more accurate than an overnight, certainly an hourly basal 
leaves a lot to be desired, as far as its reproducibility. 

- In the second-to-last slide, we had a variation in that single 
Z-E patient which I think would have been disconcerting, and’ 
probably represents an error in acid collection. . E 
` Dr. Way, I really-do not know whether or not the patient you 
asked about is a true Z-E. She probably is. She probably has an 
extragastric source of gastrin, or maybe she has a ‘hyperactive an- 
trum. We are trying to get her back for a calcium infusion. I do 
not think there is any question that the. gastrin that is bound ‘by 
papel ka m syndrome tumors or antra in patients with the 
so-called Zollinger-Ellison syndrome is ‘less securely bound and 
more easily released than in normal patients. You get a tremendous 
increase in gastrin in Zollinger-Ellison patients, but, really, a 
rather modest increase in patients who do not have the Zollinger- 
Ellison syndrome: l PA Ss 

And Dr. Moore's question: This is one of the things that is 
so exciting about this group of three patients with -achlorhydria. 
We have been working through them, They are very cooperative 
ladies whó keep coming back about once every 3 weeks for some 
other torture device that we have thought abóut in the interven- 
ing 3 weeks, such as infusions of acid into their stomachs, trying 
to get large amounts of plasma to see whether what we are 
measuring is big or little gastrin.. . MEE 

It does seem from preliminary data that they do have both 
intragastric and ‘extragastric sources, although I would be pre- 
pared to retract this if different data appear. ` : 
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STANLEY R. FRIESEN, M.D., Ph.D.,* R. NEIL SCHIMKE, M.D., 


INCE THE DESCRIPTION in 1955 by Zollinger and 
S Ellison of the syndrome of fulminating acid-peptic 
ulcer disease and non-insulin-producing islet cell tumors 
of the pancreas,** there bave been descriptions of many 
additional patiénts which illustrate interesting variations 
of clinical pictures. The frequent association of other 
endocrine tumors in these patients was pointed out by 
Ellison and Wilson in 1964? and multiple endocrine 
adenomas now have been reported in up to 48% of pa- 
tients with the classic Zollinger-Ellison (Z-E) syn- 
drome.*t The entire symptom-complex, including the 
Z-E Syndrome, is now commonly referred to as multiple 
endocrine adenomatosis, type I (MEA, I). The MEA 
syndrome was probably first introduced into the medical 
literature by Erdheim in 19037 when he reported an 
acromegalic with an eosinophilic adencma of the pituitary 
and four enlarged parathyroid glands, on postmortem 
examination. In 1953, Underdahl and co-workers ?$ 
brought attention to the common association of “multiple 
endocrine adenomas" of the pituitary, pancreas and para- 
thyroid when they described eight new cases with tumors 
of two or more of these glands and 14 other cases in the 
literature. In 1954 Wermer “ and Moldawer and asso- 
ciates ?*: described the familial aggregation of multiple 
endocrine adenomas; Wermer proposed that. this was a 
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distinct syndrome inherited as an autosomal dominan 
trait. The frequent occurrence of peptic ulcer disease 
was noted in these patients, leading these workers to sug 
gest a genetic relationship between the ulcer diathesi: 
and the endocrine adenomas. Ballard and co-workers ! ix 
1964 presented a large family with the multiple endo 
crine adenomatosis syndrome’ and reviewed the .clinica 
features of. the disease in the 85 cases reported by tha 
time. Islet cell involvement was present in 81.2% of thi 
cases; the parathyroids showed adenomas or hyperplasis 
in 88.2% of the cases. The pituitary was involved ir 
64.9%, which was followed in order of decreasing fre 
quency by the adrenals (37.6%) and the thyroid (18.8%) 
As with most dominant disorders, considerable varia- 
bility is present from patient to patient, even within the 
same family. Many of the reported cases of the MEA, ] 
and the Z-E syndromes have been said to have a negative 
family history and have thus been considered to be new 
dominant mutations. However, when relatives of typi- 
cally affected patients are carefully examined, many are 
found to have asymptomatic forms of the disease. John. 
son and essociates 1” carefully evaluated 27 relatives of £ 
patient with the MEA syndrome who were 10 years o! 
age or older and found that 12 of the 27 had endocrinop 
athies. The frequency of the involvement rose from zerc 
in relatives studied at the end of the first decade of life 
to more than 50% of those examined in the 5th or 6th 
decades. The proportion .of those. involved who were 
symptomatic also increased with age. Other families have 
been described in which the Z-E ulcerogenic tumor has 
been associated with parathyroid and pituitary tumors as 
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well as lipomas and bronchial and carcinoid tumors.” 
6,11,16,22,33,38,41 In a recent report Vance et al? studied 
the endocrine abnormalities in eight members of a 
family with multple endocrine adenomatosis. Three 
members of this family had documented islet cell hyper- 
plasia, adenoma and/or carcinoma associated with hypo- 
glycemia or the Z-E syndrome, and all but one member 
of the family was found to have hypersecretion of insulin 
often associated with elevated blood glucagon and/or 
gastrin levels. A high incidence of asymptomatic endo- 
crine abnormalities also was found. These investigators 
propose that the basic genetic defect in the MEA, I syn- 
drome involves hyperplasia of the primordial cells of the 
islets of Langerhans with chronic oversecretion of one or 
more islet cell hormones, which in turn influence changes 
in the other foregut endocrine glands. 

The pluriglandular, polyhormonal and familial mani- 
festations of the MEA. and Z-E syndromes suggest that 
there may be a basic, possibly genetic, abnormality of 
the endocrine cells of the embryologic foregut. The ma- 
jority of these polypeptide-secreting cells have been 
shown to have common cytochemical characteristics; 
although these cells appear to arise from the foregut 
endoderm, evidence has shown a common neural erest 
orgin 27 and thus they are neuroectodermal.‘ Hyperplasia 
of these polypeptide-secreting cells is often seen in the af- 
fected endocrine glands in the MEA and the Z-E syn- 
dromes, either with or without associated adenomatous 
or neoplastic changes,. but it'is not known whether the 
cellular hyperplasia is on a primary genetic basis or is 
due to an abnormal differentiation of totipoteritial cells 
or is secondary either to trophic influences, to abnormal 
feedback control mechanisms, or to an altered polypep- 
tide. Neither the parathyroid or adrenocortical endocrine 
cells have as yet been shown to have neural crest origins 
or cytochemical properties in common with polypeptide- 
secreting cells; therefore involvement of these endocrine 
glands may still be considered as secondary phenomena 
in the MEA syndromes, Types I and II. The latter syn- 
drome, MEA II, encompasses primarily pheochromocy- 
toma and medullary thyroid carcinoma which are tumors 
of cells which have a neural crest origin ^9? The two 
types of MEA syndromes, which are distinct genetically 
and represent effects of different gene mutations, do 
have a clinical overlap in that parathyroid hyperplasia 
is seen in both types?! Elevated serum gastrin levels 
with antral gastrin cell adenomatosis has been found in 
one patient with medullary carcinoma of the thyroid.?? 
The spectrum of the interendocrine clinical features of 
the Z-E syndrome, as well as the inter-related embryol- 
ogy and functional cytology, has recently been docu- 
mented.!1 

In the Z-E syndrome islet cell hyperplasia is not in- 
frequently seen; for this reason ulcer symptoms may per- 
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sist even after complete surgical excision of suspectec 
unifocal neoplasms? Immunoreactive gastrin has beer 
shown to be present in normal human pancreatic islet: 
by immunofluorescent studies !*!? and it is likely that 
the gastrin-containing cells are the classical delta (D) 
cells of Bloom. Gastrin or substances having gastrir 
activity have been extracted from primary ulcerogenic 
tumors, metastases and in serum by bioassay and by ra 
dioimmunochemical assay.993915?9 The hyperplastic 
gastrin-secreting cell of the pancreas is the D cell, bui 
the identification of the precise islet cell type in ulcero- 
genic tumors is not definite; the variable morphology 
of the tumor cells may represent a pathological change 
affecting the proven gastrin-secreting D cell of the nor: 
mal islet. Argyrophil-metachromatic cells which are 
morphologically similar to the delta cells of the pan 
creas have been observed in the antropyloric mucosa o! 
the stomach.55 In studies of the distribution of the en 
docrine cells of the human stomach, duodenum. anc 
jejunum the gastrin (G) cells have been shown to be 
distributed primarily in the gastric antrum,” but they have 
also been observed in the duodenal bulb and gastrin ha: 
been extracted in minute amounts from the duodena. 
mucosa.? Morphologically the G cells appear as large 
clear, oval cells distributed in a layer at the junction o! 
the middle and deepest third of the antral mucosa (mid 
zone). By immunoflorescence these cells have been dem 
onstrated to stpre gastrin;!9?5 by electromicroscopy the 
secretory granules of these cells are round and of variou: 
densities and they vary in size (average 180 nm). 

That antral gastrin cells may participate in inter-endo. 
crine relationships and may even be implicated in the 
genetically-induced MEA syndrome is suggested by re 
cent reports of G cell changes in several clinical states 
Pearse and Bussolati *5 noted a consistent hyperplasia o! 
antral G cells in cases of gastric acid hypersecretion 
Solcia, Capella and Vassalo % reported that pyloric C 
cells were numerous or markedly increased in eight o: 
15 patients with gastric acid hypersecretion of duodena 
ulcer or gastric ulcer with pyloric obstruction. Polak 
Bussolati and Pearse? found a true hyperplasia of the 
gastrin-producing cells in four patients with hyperpara. 
thyroidism due to adengma and hyperplasia. They usec 
cytochemical technics, immunofluorescence with tele 
vision image analysis and ultrastructural studies to show 
these cells to be fully granulated as well as hyperplastic 
Creutzfeldt et alt reported hyperplasia of the antral C 
cells in three patients with primary hyperparathyroidisn 
without acid hypersecretion or ulcer disease. In acro- 
megaly a profound degree of antral G cell hyperplasie 
with high levels of gastric acid secretion has been re 
ported by Pearse and Bussolati?5 Creutzfeldt* also re 
ported hyperplasia of G cells in six patients with acro 
megaly, four of whom had significantly increased gastrir 
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TABLE 1. Routine Endocrine Studies Performed on the Patients with 


Z-E Syndrome and Their Families 





A. Pituitary 
1. Serum growth hormone response to insulin, arginine, 
glucose 
2. Follicle-stimulating hormone 
3. Metapyrone study 
4. Thyroid stimulating hormone 
B. Parathyroid 
1. Serum calcium and phosphorus (3 determinations) 
2. Tubular reabsorption of phosphate 
3. Parathormone 
C. Pancreas | 
1. Glucose tolerance test with measurement of insulin levels 
2. Serum gastrin 
D. Adrenal Cortex 
1. Urinary 17-ketosteroids and 17-ketogenic steroids, basal 
and with metapyrone 
2. Plasma cortisol 
E. Other Studies 


1. Plasma testosterone 5. Urinary 5-HIAA 

2. True Thyroxine 6. Gastric analysis 
(12-hr. or BAC and 
MAC) 

3. ""I uptake 7. Antral mucosal biopsy 
(for G cell changes) 

4. Urinary VMA 8. Miscellaneous 





content of the antral mucosa, but only one of whom 
showed enhanced secretory activity. He suggested that 
the hypophysis may exert a trophic influence, as yet 
unproven, on the G cells of the antrum. 

The G cell population of the gastric antrum in pa- 
tients exhibiting the Z-E syndrome has not been well 
documented. In some patients exhibiting the Z-E syn- 
drome, but in whom no pancreatic tumor was demon- 
strable, antral G cell hyperplasia has been found, while 
in other: patients with pancreatic tumors no antral 
changes have been noted;? these observations have led 
to the suggestion that the hypergastrinism in patients 
exhibiting the Z-E syndrome may be accountable to 
gastrinosis of either the pancreatic islets or the gastric 
antrum. 

It has become increasingly apparent that the Zol- 
linger-Ellison syndrome should be considered as a com- 
ponent of the more inclusive multiple endocrine adeno- 
matosis syndrome; !*° it is therefore important to study 
such patients and their families for the presence of other 
endocrine lesions including cellular hyperplasias. Antral 
G cells are reasonably accessible for study; observations 
of antral G cell changes, coupled with appropriate endo- 
crine screening measurements may lead to the elucida- 
tion of the fundamental pathophysiologic abnormality. 


Method of Study 


Two families, ascertained through a proband affected 
with the Z-E syndrome, have been studied prospectively 
by thorough endocrine screening in a Clinical Research 
Unit. Additionally in one of these families, cytochemical 
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and u'trastructural assessments of the number and ap- 
pearance of antral gastrin cells obtained by biopsies of 
antral mucosa during fiberoptic gastroscopy (Olympus 
GFB) were made. These latter observations have been 
correlated with the values for gastric acids, serum gas- 
trin levels and other screening tests. The endocrine 
studies which were carried out in these families are 
shown in Table 1. 

Antral gastrin cell studies were carried out whenever 
possible on the following groups of patients: (a) one of 
the two above families with MEA, I syndrome (the P. 
family) including both affected and non-affected mem- 
bers, and (b) randomly selected, non-related patients 
having diagnoses of duodenal ulcer, hyperparathyroidism, 
acromegaly, Z-E syndrome and patients with no known 
endocrine disease. The antral mucosal tissue was ob- 
tained by fiberoptic gastroscopic biopsies in most in- 
stances, or by direct surgical sampling during abdominal 
operations for duodenal ulcer or the Z-E syndrome. 
Whenever possible the biopsied mucosa was fixed imme- 
diately in 2.5% phosphate-buffered glutaraldehyde mix- 
ture, ‘prepared and imbedded in Epon-Araldite resin. 
Sections {1 micron) from these blocks were stained 
with :oluidine blue and scanned by light microscopy 
for estimation of the number of “clear” cells which have 
the morphologic appearance of G cells per rosette of 
gland. Only those sections through the mid-zone of the 
antral mucosa in which these cells were present were used 
for counting. From these identified blocks ultra thin sec- 
tions were prepared for electronmicroscopic identifica- 
tion of gastrin cell granules and an estimation of the de- 
gree of granulation of these cells recorded as full, normal, 
or poor granulation. In nine patients, such as the pro- 
bands of the families and others having had total gas- 
trectomy previously, only light microscopy of ‘available 
hematoxylin and eosin-stained paraffin sections was pos- 
sible for the counting of cells having the morphology of 
G cells (large, “clear”, oval cells) in the midzone of the 
antral mucosa, In the Z-E patients, the antral C cell 
findings were correlated with the presence or absence 
of grossly demonstrable pancreatic tumors. In eight pa- 
tients, quantitative studies were possible and carried out 
(by A.G.E.P.) on 35 mm. color transparencies of im- 
munofluorescent preparations, using a television image 
analyzer. In this instrument a television camera scans the 
photomicrographs and produces a colored image on a 
monitor. A particular color is selected by the operator to 
represent a particular density range. By electronic 
means the relative area occupied by the pre-selected 
color can then be determined. 


Results 


The pedigree of each of the two families is illustrated 
in Figure 1 and the endocrine abnormalities in them are 
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indicated in Table 2. In one family (R. family) of 29 
members in four generations, 11 of 15 members studied 
to date have shown abnormalities. These include islet 
cell tumors (2) requiring total gastrectomy and hypo- 
physectomy in one, gastroduodenal carcinoid tumor (1), 
hyperparathyroidism (4), gastric hyperrugation with ul- 
cer (8). The proband (III-5) over a 16-year span has had 
a right adrenalectomy for adrenal cortical adenoma with 
Cushing’s syndrome, .a total gastrectomy for metastatic 
ulcerogenic tumor, a transthoracic removal of a me- 
diastinal metastasis, a negative abdominal second-look 
procedure, several excisions of cervical and mediastinal 
lymph nodes containing metastases, a transfrontal hypo- 
physectomy and a total thyroidectomy.” At the present 
time he is asyptomatic with a normal serum gastrin and 
x-rays show regression of a biopsy-proven mediastinal 
metastasis. 

In the P. family, 11 of 14 members in three genera- 
tions have been studied. Four of 11 have developed 
proven endocrine abnormalities including hyperpara- 
thyroidism due to adenoma and/or hyperplasia (4), met- 
astatic islet cell tumor (1), a non-functional pituitary 
lesion (1) and a functional adrenal cortical lesion (1). 
Four of the eight children in the second generation have 
reached the third decade and three of the four have 
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Fic. 1. Diagrams of the pedigree of two families which illustrat 
the autosomal dominant characteristic and the variable penetrance 
within the families. These families are being studied prospectively 
by routine endocrine screening tests listed in Table 1. Occult anc 
overt endocrine abnormalities, as indicated here and in Table 2 
appear at ages of the early twenties, particularly in the P. family 








TABLE 2. Family Data 
Family Age at Antral Gastric Acids 
& ist Para- Pitui- Adrenal Gastric G Cell mEq/L Gastrin 
Pt. No. Study thyroid Pancreas tary Cortex Other Rugae Ulcer No/ BAC* MAC* pg/ml Comments 
Rosette 
R. Family 
I-1 75 — — — — — 4 4 — — — — Duodenal Ulcer 
I2 65 — — — — — — + — — — — Ulcer, Diabetes mellitus 
H-3 65 ? ? — — — + + — 60 — — Duodenal ulcer 
Recurrent ulcer 
Left renal stone 
Diabetes mellitus 
II-1 59 0 0 0 0 0 + 0 — 0 73 120-199 Hiatus hernia 
III-2 55 ? + — — 0 + + — 100 — 2200 Postbulbar duodenal 
ulcer, perforated 
Recurrent stomal ulcer 
Total gastrectomy 1971 
Renal stones 
III-3 54 0 0 0 0 + + 0 — 30 91 80-203 Thyroidectomy 1948 for 
Adenoma 
Duodenal ulcer symp- 
toms 
12-hr gastric vol. 1760 
ml. 
III-4 44 0 ? 0 0 0 + 0 — 0 110 69-100 Pancreatic tumor on 
sonogram 
Lipoma 
11-5 36 0 4+ Qt + + + + 2-6 120 130 >1650 Cushing’s syndrome 


Rt. Adrenalectomy 195! 

Total gastrectomy 1961 

Second look 1966 

Exc. metastases 1966, 
1968 

Hypophysectomy 1968 

Total thyroidectomy 
1969 


374 FRIESEN, SCHIMKE AND PEARSE Ann, Surg. · Sept. 1972 


TABLE 2. (Continued) 








Antral 
Family Ageat G Cell Gastric Acids 
& 1st Para- Pitui- Adrenal Gastric No/ mEq/L Gastrin 
Pt. No. Study thyroid Pancreas tary Cortex Other Rugae Ulcer Rosette BAC* MAC* pg/ml Comments 





Lipomas 
Now well—normal 
serum gastrins 
~ Pyloric ulcer by x-ray 
= — 20 _ 20-50 Gastroduodenal car- 
cinoid tumors 
Subtotal gastrectomy 
1969 
Parathyroidectomy 1970 
Expanding sella with 
increasing HGH 
— 35 113 90 Duodenal ulcer 
Duodenal ulcer 
Esophagitis 
— 0 26 270 Asymptomatic 
— 0 46 40 Asymptomatic 
Lipomas 
IV-2 18 ? — -— — — — — — — ~ — Hypercalcemia 
P. Family 
I-1 43 + + 0 0 0 + + — 114 128 850 Renal stones 
Post-bulbar duodenal 
ulcer 
S.T. parathyroidectomy 
1960, 1962 
Total Gastrectomy 1967 
Regression of metastases 
Now well; serum gastrin 
140 pg/ml. 
II-1 26 + 0 0 0 0 0 0 2-4 58 130 20-195 Asymptomatic — renal 
stones 
Parathroid hyperplasia 
Sub-total parathyroid- 
ectomy 1971 
II-2 25 + 0 0 ? 0 0 0 2-4 0 0 25-78 Asymptomatic — renal 
stones 
Parathyroid hyperplasia 
Total parathyroidectomy 
1971, 1972 
Cushing’s syndrome 
H-3 23 0 0 0 0 0 0 ? 4-8 60 130 20-138 Asymptomatic 
Duodenal bulb deform- 
ity 
Increasing gastric acids 
I]-4 . 20 + 0 7 0 0 + 0 2-4 22 91 20-209 Asymptomatic 
Parathroid hyperplasia 
S.T. parathyroidectomy 
1971 
Enlargement of sella 
— 0 79 83-297 Asymptomatic 
1-8 58 132 20-248 Asymptomatic 
20-293 Asymptomatic 
c E — 133-90 Asymptomatic 
Delayed bone age 
— — ~ 25 Asymptomatic 
T — — 60 Asymptomatic 
Growth lag 


III-6 43 0 
HI-7 47 + 0 


e 
wo 
oo 
+o 


II-8 54 0 0 0 0 0 
IV-6 E — - - - 


eo — 
| 
I 
| 
l 


IV-9 20 0 0 0 0 0 
IV-10 24 0 


II-5 19 
II-6 16 
II-7 12 
I1-8 4 


III-2 5 
III-3 4 


oo oooc 
oo Oooo 
oo ooog 
oc Soco 
oc Sooo 
oco oocococ 
oo ooos 

3 

Cn 

> 

=. 

t3 

> 








LEGEND: + = positive; involved 
0 = negative; not involved 
? = probably involved 
not studied 

* BAC = Basal acid concentration; MAC = Maximal acid concentration after Histalog 

** Although there was metastatic involvement of nodes, liver and lung compatible with islet cell carcinoma, no grossly demonstrable 
lesion of the pancreas was found. 


*** The pituitary gland was normal histologically at the time of hypophysectomy for metastatic disease. 
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TABLE 3. Antral G Cell Changes 
No. of Gastric Acids 
G Cells G Cell G Cell mEq/L Serum Gastrin 
Diagnosis Patients Rosette Area (96) Granulation BAC MAC pg/ml. 
No endocrine disease 7 0-2 0.5 Normal 15 70 50-100 
Duodenal ulcer 4 2-4 2.0 Full 46 124 24-110 
Hyperparathyroidism 5 4-10 8.0 Full 38 130 20-195 
Pituitary tumor 2 2-9 17.0 Full 22 91 80-120 
Zollinger-Ellison Syndrome with 
pancreatic tumor 5 0-1 «0.5 Full 115 130 900-3700 
Zollinger-Ellison Syndrome without 
pancreatic tumor 6 6-12 15.0 Full 120 130 2800-9500 
Zollinger-Ellison Syndrome with 
medullary carcinoma of thyroid 1 4-10 10.0 Full 120 9000 





required operative treatment. The proband (I-l) re- 
quired three operations initially for excision of the para- 
thyroid glands and a total gastrectomy for metastatic 
islet cell carcinoma after which there was visible regres- 
sion of hepatic and pulmonary metastases. He has had 
a transthoracic excision of a single recurrent pulmonary 
metastasis and is at the present time asymptomatic with 
no demonstrable evidence of metastases and a normal 
serum gastrin level. 

The results of the antral G cell studies are indicated 
in Table 2 (P. family), Table 3 and in Figures 2-9. 
There was an increase over normal in the number of 
antral endocrine cells having the morphologic character- 
istics of G cells, as noted by light microscopy of toluidine 
blue-stained sections, in the members of the P. family. 
This observation was consistent whether the family mem- 
bers were symptomatic or asymptomatic and irrespec- 
tive of the presence or absence of other endocrine ab- 


Fic. 2. Photomicrograph of the mid-zone 
glands of normal antral mucosa from a pa- 
tient with no known endocrine disease illus- 
trating sparse distribution — (0-2/gland- 
rosette) of large clear oval cells having the 
morphologic characteristics of G cells. (Op- 
tical microscopy of glutaraldehyde-fixed, 
resin-imbedded, toluidine blue-stained sec- 
tions, original magnification x 440.) 


normalities. The degree of apparent G cell hyperplasia 
seemed to correlate positively with gastric acid hyper- 
secretion; the serum gastrin levels in this family were 
with in the normal range, except in the presence of the 
Zollinger-Ellison syndrome. True but moderate G cell 
hyperplasia was noted in the antra of duodenal ulcer 
patients. A definite increase in the number and in the 
area of immunofluorescence of G cells was seen in hyper- 
arathyroidism, acromegaly and in the Z-E syndrome in 
which pancreatic lesions were not grossly demonstrable. 
The serum gastrin values in the latter group of patients 
were extremely elevated (2,800-9,500 pg./ml.), and the 
antral gastrin cell population constituted 15% of the area 
of the antral mucosa, or 30 times the normal G cell 
fluorescent area. In hyperparathyroidism the G cells 
numbered 4-10 per gland rosette and represented 8% of 
the antral mucosal area. In acromegaly the G cells con- 
stituted 17% of the total mucosal area in one of the pa- 
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1G. 3. Photomicrograph of the  mid-zone 
glands of the antral mucosa from a patient 
( II-2 in P. family) with symptomatic PE pie 
involvement illustrating the numerous large 
clear oval cells having the morphologic appear- 
ance of G cells. (Optical microscopy of glutar- 
aldehyde-fixed, resin-imbedded, toluidine blue- 
stained sections, original magnification x 440.) 


mts, Antral G cell hyperplasia was not marked in those or “gastrinoma.” A marked gastrinosis of the antral mu- 
tients exhibiting the clinical features of the Z-E syn- cosa was noted in a patient with severe symptoms due 
ome without grossly demonstrable pancreatic lesions, to gastric acid hypersecretion with high serum gastrin 
it including metastatic involvement of lymph nodes, levels; at autopsy a medullary carcinoma of the thyroid 
er and lung, and high serum gastrin levels for which gland was found and there was no demonstrable pancre- 
tal gastrectomy was performed. The number of G cells atic lesion. One patient who exhibited severe clinical man- 
wied from six to 12 per gland rosette with immuno-  ifestations of the Z-E syndrome due to islet cell 
iorescence of 15% of the area, a hyperplasia of sufficient hyperplasia without tumor, and who required a total gas- 
agnitude to be consistent with the term "gastrincytoma" — trectomy, also had antral G cell hyperplasia (2 to 7 G 





Fic. 4, Photomicrograph of the mid-zone 
glands of the antral mucosa from a patient 
(II-7 in the P. family) who is asymptomatic 
with no discernible endocrine involvement 
illustrating the numerous large clear oval 
cells having the morphological appearance 
of G cells. There are slightly elevated gastric 
acid concentration values. (Optical mi- 
croscopy of glutaraldehyde-fixed, resin-im- 
bedded, toluidine blue-stained section, origi- 
nal magnification x 440.) 
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Fic. 5. Photomicrograph of the glands of 
the antral mucosa from a patient, non- 
familial, with hyperparathyroidism due to an 
adenoma, illustrating numerous large clear 
oval cells having the characteristic appear- 
ance of G cells in the mid-zone of the 
mucosa. (Optical microscopy of glutaralde- 
hyde-fixed, resin-imbedded, toluidine blue- 
stained section, original magnification X 
275.) 








Fic. 6. Electronmicrograph of a portion of a gastrin (G) cell in the antral mucos i i i i 
( tronn i a from a patient (II-2 in P. family) with symptom- 
ae endocrine involvement illustrating the full secretory granulation of the cytoplasm. The granules are ss MU of VN 
ensities. A portion of the large nucleus is at the bottom of the photomicrograph (original magnification x 15,000). ^ 
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cells per gland rosette). A definite discrete polypeptide 
tumor of the stomach wall (interpreted as a metastasis) 
was noted in a total gastrectomy specimen from a patient 
with gastrin-secreting carcinoma of the pancreas. In four 





Ann. Surg. * Sept. 1972 


Fic. 7. Photomicrograph 
of the mid-zone of the 
antral mucosa from a pa- 
tient with duodenal ulcer 
illustrating moderate hy- 
perplasia of immuno- 
fluorescent G cells, . orig- 
inal magnification X 
720). 


patients with demonstrable pancreatic islet cell tumors 
a normal population of antral G cells was noted, similar 
to the pattern observed in patients without endocrine 


disease. 


Fic. 8. Photomicrograph 
of the mid-zone of the 
antral mucosa from a pa- 
tient with hyperpara- 
thyroidism illustrating 
marked hyperplasia of 
immunofluorescent G 
cells (original magnifica- 
tion X 720). 
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Fic. 9. Photomicrograph 
of the mid-zone of the 
antral mucosa from a pa- 
tient with the clinical 
picture of the Zollinger- 
Ellison syndrome with 
high levels of gastric 
acids and serum gastrin, 
but without a grossly 
demonstrable pancreatic 
tumor; a marked hyper- 
plasia of immunofluores- 


cent G cells is shown 
(original ^ magnification 
x 720). 


Discussion 


The study of two kindred reveals that asymptomatic 
family members harbor endocrine abnormalities which 
can be elucidated by diagnostic screening and who be- 
come symptomatic with time. Two members of the P. 
family passed urinary tract stones after hypercalcemia 
was found. As the family members reached the third 
decade, hyperparathyroidism, gastric acid hypersecre- 
tion, pituitary and adrenal cortical abnormalities de- 
veloped insidiously; while there may be a synchronous 
overlap of these endocrinopathies, there is a metachro- 
nous pattern which should lead to an expectant aware- 
ness of the possibility of the development of new endo- 
crine manifestations in these patients. The advisability 
of prospective screening and counseling of families of 
probands affected with any of the foregut endocrino- 
pathies seems more than obvious. As in other autosomal 
dominant traits, the two families presented in this report 
demonstrate a great deal of variability in expressivity. 
Some individuals have a full-blown pluriglandular in- 
volvement; others have, for a time, only asymptomatic 
hypercalcemia, while in others only the gastrointestinal 
symptoms are present. The most common clinical endo- 
crine abnormality in these, as well as other families, is 
that of hyperparathyroidism due to chief cell hyper- 
plasia. It is difficult to justify its relatively common 
frequency if it is considered that this abnormality is prob- 
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ably of secondary nature, i.e. responsive to the hypo- 
calcemia of calcitonin secretion or to glucagon stimula- 
tion. Although the secretory product of the parathyroid 
glands is a polypeptide, the secretory cells have not as 
yet been shown to derive from neuroectodermal cells. 

Based on these and other family descriptions there 
can be little doubt that there is a genetic basis for the 
development of the Z-E and the MEA syndromes as 
phenotypic variants of the same mutant gene; the exact 
genetic abnormality is not clear. The hereditable charac- 
teristics of simple duodenal ulcer disease are thought to 
be polygenic. 

The observations of apparent antral gastrin cell hyper- 
plasia in all members of the P family who had biopsies 
suggest that these changes precede the development of 
symptomatic endocrine disease. Furthermore, the antral 
G cell hyperplasia in patients exhibiting the Z-E syn- 
drome without tumor suggests also that antral G cell 
hyperplasia may precede the development of islet cell 
tumors; why the G cell hyperplasia should *recede" if 
it is postulated that islet cell tumors develop sequentially 
is not understandable at this time. Perhaps the Zollinger- 
Ellison syndrome with high serum gastrin levels may 
occur as a result of gastrinosis of either the antral G cells 
or the pancreatic islet D cells, as has been suggested.?? 
More studies for the purpose of correlating pancreatic 
and antral gastrin-secreting cell changes are needed to 
clarify these observations. Despite the anti-gastrin fluores- 
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cence similarities between pancreatic islet D cells and the 
antral C cells, there seem to be cytochemical differences in 
properties of the two gastrin-storing cells.4° There have 
been descriptions of patients who have had the clinical 
findings of the Z-E syndrome, including high serum gas- 
trin levels and even metastases consistent with islet cell 
carcinoma, yet who do not have grosssly demonstrable 
pancreatic tumors.!**.?^ These patients have been con- 
sidered to have occult islet cell tumors or islet cell hyper- 
plasia; the relatively new findings of antral G cell hyper- 
plasia may account for the elevated serum gastrin levels in 
this small group of patients. In other clinical endocrinop- 
athies hyperplasia of the antral G cells does not neces- 
sarily imply a functional hypersecretion of gastrin from 
these cells. The G cells are full of granules and are un- 
doubtedly storing the gastrin, as in duodenal ulcer pa- 
tients in whom the serum gastrin values are not elevated. 
When patients with duodenal ulcer are given bicarbonate 
by mouth the serum gastrin values rise, which indi- 
cates that these cells are capable of responding to a 
stimulus, and conversely, are inhibited from secreting 
by the acid secretions of the vagally-innervated stomach. 
The hyperplasia of antral G cells in duodenal ulcer and 
in other acid hypersecretory states may be a compensa- 
tory phenomenon in response to the continuous acid in- 
hibition of gastrin release. Alternatively, the G cell hyper- 
plasia may be secondary to an as yet unknown pituitary 
trophic influence or it could result from an abnormal 
cell differentiation such as an uncontrolled totipotential 
cell. Or finally, as is suggested by the data in this report, 
the antral G cell hyperplasia may be an underlying 
genetic abnormality in the polypeptide-secreting endo- 
crine system. Glandular hyperplasia, and perhaps neo- 
plasia with or without increased hormone synthesis may 
be due to a direct effect of mutation on gland function. 
Theoretically, all endocrine cells involved in this syn- 
drome might contain a factor rendering them responsive 
to the same mutant gene, resulting in excessive growth 
of the affected cells. 

The basic mechanisms for the pathogenesis of the Zol- 
linger-Ellison and multiple endocrine adenomatosis syn- 
dromes remain unknown. Wermer ** has proposed a 
pleiotrophic defect which stimulates cell growth in each 
of the glands. According to Vance et al?? the primary 
genetic defect resides in the islet cells, consisting of hy- 
perplasia of the primordial islet cells. These produce a 
chronic oversecretion of one or more of the islet cell 
hormones, glucagon, insulin and/or gastrin. These in 
turn influence changes in the other polypeptide-secreting 
glands. This phenomenon of nesidioblastosis is supported 
by their study of a family in which a high frequency of 
pancreatic involvement was present. The pleomorphic 
functional capability of islet cells is compatible with 
their hypothesis. Although that theory is attractive, it 
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does not explain antral gastrin cell hyperplasia which 
seems to occur before measurable islet cell functional ab- 
normalities. The possibility of an enteric to insular in- 
fluence 37 is as plausible as an insular to enteric influence. 
For instance, gastric acid-stimulation of the release of 
enteric (duodenal) hormones such as secretin may af- 
fect islet cell function and structure. These various 
theories of the pathogenesis of the Z-E and MEA syn- 
dromes have been described in detail elsewhere." 

The observation of antral G cell changes in this study 
were made using four cytological technics: light micros- 
copy of hematoxylin and eosin-stained, formalin-fixed 
paraffin sections for counting; light microscopy of tolui- 
dine blue-stained, glutaraldehyde-fixed, resin-imbedded 
sections for counting; electronmicroscopy of glutaralde- 
hyde-fixed sections for degree of granulation; and im- 
munofluorescent micrography with television image esti- 
mation of G cell area. The reliability of observation 
increases respectively in the four technics. The optical 
microscopy for counting of cells which have the mor- 
phologic characteristics of G cells (large, oval “clear” 
cells with a large nucleus) is not proof that these en- 
docrine cells are in fact gastrin-containing cells; experi- 
ence in viewing many sections is required before such 
observations become meaningful?e Although such 
technics, particularly light microscopy of toluidine blue- 
stained sections, are practical for screening and count- 
ing purposes, the accurate and incontrovertible designa- 
tion of the exact endocrine cell and its specific hormone 
content is extremely difficult. We, as others?! urge caution 
in such interpretations based only on light microscopy. 
The immunofluorescent technics, as used in some of the 
observations reported here, are much more reliable. 

It is possible that the gastrointestinal endocrine cell 
which is the most accessible for study—the antral G cell 
—may lead the way to earlier diagnosis of the MEA, I 
syndrome of which the Zollinger-Ellison syndrome is 
a phenotypic variant. 


Conclusions 


Further evidence is presented for a genetic autosomal 
dominant basis of the multiple endocrine adenomatosis 
syndrome of which the Zollinger-Ellison syndrome is a 
component. Two kindred which are being screened pro- 
spectively have yielded asymptomatic endocrinopathies 
which have become symptomatic and have required sur- 
gical treatment. Studies of gastrin cells obtained by an- 
tral biopsy from these and other patients suggest that 
an apparent hyperplasia of the antral G cells accom- 
panies duodenal ulcer, hyperparathyroidism, acromegaly 
and some cases of the Z-E syndrome. The antral gastrin 
cell hyperplasia in the MEA, I syndrome is of sufficient 
magnitude to be consistent with the term "gastrincy- 
toma." 
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Discussion 


Dn. James Cartes THoMPsoN (Galveston): We have studied 
the antral mucosal gastrin levels in patients with the Zollinger- 
Ellison syndrome—only three such patients—and found them to 
be normal They were patients who had pancreatic tumors. 1 
would like to ask Dr. Friesen if he has measured antral gastric 
mucosal levels in patients with the Zollinger-Ellison syndrome, with 
and without pancreatic tumors, and specifically to ask what the 
tissue gastrin levels are in patients who have this hyperplasia, or 
gastrinoma; and secondly, to ask what happens after antrectomy to 
the serum gastrin levels in patients who have antral gastrinomas 
and no pancreatic tumors. 


Dr. Roserr M. ZonimcerER (Columbus): I am really sorry I 
brought it up, it is causing so much trouble. 

Dr. Friesen always comes up with new and stimulating con- 
cepts about these gastrin producing islet cell tumors. Sometimes 
I believe him, and sometimes I do not. This morning I am not 
quite sure, but I would like to believe him. 

It is perfectly true, as he points out, that many of these in- 
stances do occur in families. Ín our experience, I think we have 
eight families of approximately 30 cases that we have studied 
rather intensively. 

In addition, we have reviewed the records of about 800 re- 

orted cases through 1970, and we feel that the Wermer syn- 
Moms is involved in about one in 20, or 5%, and that multiple 
endocrine involvement is present in 20 to 25% of the cases. 

However, I would point out that when you review the litera- 
ture, there has been no mention of any endocrine survey in at 
least one half of the cases, so right off the bat we have about 400 
cases in which we could not be sure about the true incidence of 
endocrine involvement. And furthermore, recent studies have 
demonstrated the islet cell tumors are associated with an increase 
in thyrocalcitonin, which in turn may result in hyperplasia of the 
parathyroid glands. So, when you begin to realize that the para- 
iyroids are involved, in perhaps 20% of the cases, this may be a 
secondary effect, and. not a true endocrine involvement, as we, at 
least, tend to regard it. 
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Dx. Friesen presents a very interesting concept concerning the 
antrum and gastrin cell hyperplasia, which he believes may be 
of sufficient magnitude to be consistent with the term “gastrin 
cytoma." The origin of the gastrin cell, I think, is still a little 
bit debatable. We heard Dr. Greider from Washington Univer- 
sity talk to us the other day about this. She has been studying 
this problem for many, many years, and I am not sure that the 
light microscopists or the electron microscopists are really cer- 
tain where, or to what extent these cells really occur, 

I hope, however, that he is correct in this assumption and that 
biopsy of the antrum may assist the clinician. This may be par- 
ticularly helpful in the borderline cases that we have heard about 
this morning, when the gastrin level tends to be low. 

I would say just a word about low gastrin levels. When they 
are low, I mistrust the immunoassay rather than the patient. Of 
course, ell tumors have to start small, and it is true that some of 
them are borderline, and here we would have an example of 
biopsy of the antral mucosa, which might help in these borderline 
cases. 


PnarsmENT Moore: I would like to ask Dr. Friesen a question. 
If this is a single gene, why does it involve so many different 
organs? Could it be that the pituitary is basic to most of the 
cases? I noticed you had, I think, one or two with enlarged sellae. 


Dr. S. R. Friesen (closing): I will answer Dr. Thompson’s 
questions first, if I may. Did we measure the tissue antral gas- 
trin content in Zollinger-Ellison patients? The answer is no. We 
have measured tissue gastrin values in the antrum in dogs, but 
not in these patients. 

What happens to the serum gastrin after an antrectomy in 
which there is antral gastrinosis? I do not know exactly, except 
in the instance of one patient, particularly. This jp had. very 
high gastric acid values, over 2000 ml. in 12 hours, over 100 
mEq easily in that 12. hours of output of acid, and who had a 
serum gastrin value of 558, right in between the values for duo- 
denal ulcer and the Zollinger-Ellison syndrome. At operation 
there was a nodular pancreas, and I biopsied the pancreas and 
a lymph node and found normal pancreas and no tumor in the 
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lymph node. I felt that, since I had no histologic proof of the 
Zollinger-Ellison syndrome, I would just do a vagotomy and 
antrectomy, which was done. 

Postoperatively, his serum gastrin values have come down to 
100 or less—even during operation—and the gastric acid secre- 
tion is zero. 

I consider that there is an intermediary stage between the 
duodenal ulcer diathesis and the Zollinger-Ellison syndrome. This 
is in contrast to one of my co-authors, Professor Pearse, from 
London, who feels that there might be two Zollinger-Ellison syn- 
dromes in stages, one with a pancreatic islet cell adenomatosis, 
and one with an antral gastrinosis. 

More likely, there is antral gastrinosis first, with an inter- 
mediary development into the full-blown Zollinger-Ellison syn- 
drome with pancreatic involvement. Certainly, we need to do 
more correlative studies between the antrum and the pancreas. 
All we are doing is reporting what we have seen so far. 

Dr. Zollinger rightly suggested that we really do not know 
what the familial incidence is in most patients with the Zollinger- 
Ellison syndrome until endocrine screening is done. This is the 
way we ave found these patients. If we follow them long enough 
they will become symptomatic, 

T have often wondered why hyperparathyroidism is so common 
in multiple endocrine adenomatosis, common in these patients, and 
common just in the survey of endocrine disease, particularly when 
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we think that the parathyroid changes are a secondary phenome 
non. We must consider them secondary, I believe, because ever 
though these parathyroid cells secrete long-chain polypeptides 
they have not yet been proven to derive from the neural crest 
and they do not have some of the cytological characteristics tha 
the other polypeptide secreting cells do. 

So far, the parathyroid cell is the “odd man out.” It has no 
really been explained. It is the only endocrine abnormality tha 
is — in both multiple endocrine adenomatosis Type I anc 
multiple endocrine adenomatosis Type Il, in which (ii is : 
medallary carcinoma of the thyroid and pheochromocytoma. 

Certainly, parathyroid disease so far must be considered a 
secondary to some other influence, such as Dr. Moore has sug 
gested. Perhaps there is a pituitary influence in all of thes: 
situations; I think it occurs often enough to indirectly say tha 
there probably is a primary pituitary influence. Of course, n 
trophic hormone to the antrum, pancreas or parathyroids from th: 
pituitary has yet been described, to my knowledge. 

The adrenal cortex secretes steroids, not polypeptides, and tha 
certainly is secondary to pituitary ACTH stimulation, 

Our electron microscopy studies show full secretory granula 
tions in these biopsies, in these acid hypersecretory states at least 
In pernicious anemia, in which there is no acid in the stomach, fo 
instance, and in which there is no acid inhibition of gastrin re 
lease, the antral G cells are practically empty of granules. 


Effect of Secretin on Circulating Gastrin 


HE NORMAL FLOW AND EBB of acid gastric secretion 
T after a meal provide clear evidence of regulatory 
mechanisms designed initially to stimulate and later 
curtail acid output. In 1904 Sokolov?? discovered that 
gastric secretion was suppressed by introduction of acid 
into the duodenum, a maneuver which Bayliss and Star- 
ling? had shown 2 years earlier would cause the release 
of the hormone secretin. It was not until 1957, however, 
that Greenlee and associates 1° found that the injection 
of an extract containing secretin suppressed gastric secre- 
tion stimulated by food. Inhibition of gastric secretion 
by secretin has been widely confirmed. ^9?2:82 There is 
little doubt that duodenal acidification is one of the 
major feedback mechanisms for control of gastric secre- 
tion and there is strong evidence % that secretin is the 
major mediator of that servomechanism. 

The means by which secretin inhibits gastric secretion 
have been studied carefully. Although it was initially 
suggested 1° that secretin inhibited gastric secretion by 
prevention of the release of gastrin, later studies dem- 
onstrated suppression of gastric secretion stimulated by 
exogenous gastrin of its derivatives,^?2932 and a recent 
review 1? concluded that secretin blocks the action of 
gastrin at the parietal cell and that it was unnecessary 
to postulate interference with release of gastrin, although 
the possibility was left open. 

We studied the effects of an infusion of a relatively 
pure preparation of secretin on the postprandial gastrin 
response to food in man and in dogs *5* and were sur- 
prised to find a highly significant depression of gastrin 
concentration after secretin. Hansky and associates !? 
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reported the suppression of fasting levels of serum gas- 
trin after secretin. 

We initiated the present study by testing the effect 
of relatively pure secretin extracts on fasting levels of 
gastrin in patients with the Zollinger-Ellison syndrome. 
We found that secretin caused an elevation of gastrin 
levels in these patients, a result which has been reported 
also by Isenberg and colleagues.!9 These findings so in- 
trigued us that we went on to test the effect of pure 
natural porcine secretin on fasting and postprandial con- 
centrations of serum gastrin in normal man, in patients 
with duodenal ulcer disease, and in patients with the 
Zollinger-Ellison syndrome. 


Material and Methods 


Initial studies were performed with the partially puri- 
fied secretin preparation supplied by Boots Pure Drug 
Company Limited, Nottingham, England. The potency 
of Boots secretin is measured in Crick-Harper-Raper 
units which are approximately one-ninth as potent as the 
clinical units used for pure secretin in the remainder of 
the study.5 An intravenous infusion was started, and 
beginning at 0 time, a solution containing 4 Crick- 
Harper-Raper units per kilogram was infused over a 
l-hour period. An additional loading dose of 4 Crick- 
Harper-Raper units per kilogram was given in the initial 
15 minutes so that every patient given Boots secretin 
received a total of 8 Crick-Harper-Raper units per kilo- 
gram. 

The majerity of the studies in man were performed 
with pure natural porcine secretin purchased from the 
Gastrointestinal Hormone (GIH) Research Unit, Karo- 
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linska Institutet, Stockholm, Sweden. The dose of pure 
secretin used in this study was 1 clinical unit/Kg. given 
intravenously in 5 ml. of saline solution over a 1-2 minute 
period. A clinical unit (CU) is the amount of secretin re- 


quired per kilogram of body weight to elicit satisfactory : 


pancreatic secrétory response in man.!5 GIH secretin has 
between 4 and 5 clinical units/ug.?* 

Studies in dogs were performed with synthetic porcine 
secretin.” The potency of synthetic secretin is also ex- 
pressed in clinical units, and the dosage administered to 
dogs was 1 CU/Kg. 

The effects of secretin on circulating levels of serum 
gastrin in man were studied in 24 patients. Twelve pa- 
tients without gastrointestinal disease served as controls, 
ten men and two women. Their ages ranged from 22 to 
55 years with a mean of 29 years. Six patients with 
proven duodenal ulcer disease were studied, four men 
and two women. The mean age of this group was 40 
years with a range of 23 to 53 years. These patients had 
not been operated upon. Six patients, four women and 
two men, with proven Zollinger-Ellison syndrome were 
studied. The mean age of this group was 50 years with a 
range of 34 to 71 years. Two of these patients were 
studied both before and after total gastrectomy, and the 
remainder were studied after total gastrectomy. All had 
residual Zollinger-Ellison tumor tissue. 

Four healthy adult mongrel dogs (three males, one 
female) were used in this study. Their mean weight was 


` 20 Kg. (Range 18-21 Kg. ). 


Gastrin concentrations in serum were measured by 
radioimmunoassay using a double antibody technic.!” 
The antigastrin-antibody used in the method was de- 
veloped in white New Zealand rabbits to synthetic 
human gastrin I (amino acid residues 2-17) conjugated 
to bovine serum albumin.?5 All samples were assayed in 
duplicate; reproducibility was within + 10% The avèr- 
age of the duplicates was used as the serum concentra- 
tion. 

The results of these measurements are expressed as 
the concentration of gastrin in serum at any given time 
or as the integrated gastrin response 59949 over a given 
period. Tlie integrated gastrin responses were computed 
in the following manner: The basal (e.g., prestirnulation) 
concentration was multiplied by the 25-minute time 
period (from 5 to 30 minutes after stimulus) to obtain 
the basal integrated gastrin concentration. Thé stimu- 
lated integrated gastrin concentrations were obtained by 
multiplying the duration of each of the three periods of 
sampling (e.g., 5-10 min, 10-15 min and 15-30 min post- 
stimulation) by the average of the concentrations at the 
beginning and end of each of the periods. The three 
values were added and the basal integrated gastrin con- 


* Gift from Dr. Miguel Ondetti of the Squibb Research Insti- 
tute, New Brunswick, New Jersey. 


SECRETIN ON CIRCULATING GASTRIN 385 


t 


centration was subtracted from the total to obtairi the 
stimulated integrated gastrin respoñse in each patient, 
which is expressed in picograms-minutes per ml. (pg- 
min./ml.). Student's "f" test was used to determine the 
significance of differences between pre- and post-secretin 
integrated gastrin responses in the fasting studies, and 
between responses to food alone and food plus secretin 
in food studies. 


Studies with Boots Secretin 


Two Zollinger-Ellison patients (G.R., OH. ) were 
studied before gastrectomy and six (G. R. " H.B.* , JS. 
D.E., O.H., V.M.*) were studied after total gastrectomy. 
The effect of an infusion of Boots secretin on basal levels 
of serum gastrin was studied in these patients. Two 
blood samples were obtained for control levels, after 
which the secretin infusion was begun. Blood samples 
were taken at regular intervals over the next 150 minutes. 


Studies with Pure Natural Secretin 


The effect of intravenous injection. of pure natural 
(GIH) secretin on fasting levels and postprandial levels 
of circulating serum gastrin was tested in 12 control sub- 
jects, six duodenal ulcer patients and five postoperative 
patients with the Zollinger-Ellison syndrome. 

We first studied the effect of secretin on fasting levels 
of serum gastrin. Two blood samples were obtained for 
control measurements of. serum gastrin, following which 
1 CU/Kg. of pure secretin was injected intravenously. 
Blood samples were obtained at frequent regular inter- 
vals over the next 150 minutes. Studies on the effect of 
secretin on postprandial levels of serum gastrin were 
performed in paired test-control experiments. In contro] 
experiments two samples of blood were taken for basal 
measurements, after which the patient was given a 
500-ml liquid meal containing 52 Gm. protein, 7 Gm. 
fat, and 150 Gm. carbohydrate. Blood samples were ob- 
tained at regular intervals for the next 150 minutes. Test 
studies were identical except that an intravenous injec- 
tion of 1 CU/Kg. of pure secretin was given at the time 
the meal was begun. Only 250 ml. of the liquid meal was 
used in patients with the Zollinger-Ellison syndrome 
studied after total gastrectomy because of difficulty with 
symptoms of the dumping syndrome when larger vol- 
umes were used. 

In all studies with GIH secretin, serum specimens were 
analyzed for calcium concentration by atomic absorption 
spectophotomeiry. 


Studies with Synthetic Secretin 


We studied the effect in four dogs of an intravenous 
injection of 1 CU/Kg. of Squibb synthetic secretin on fast- 
ing levels of serum gastrin. Three separate blood samples 





* Brief clinical summaries af these patients have been reported.34 
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were obtained for basal measurements, after which the 
secretin was administered. Subsequently, blood samples 
were obtained at frequent regular intervals over the next 
150 minutes. 


Results 


All studies were conducted without incident. There 
was no reaction in man to infusion of Boots secretin or 
pure natural secretin, or to the infusion of synthetic 
secretin in dogs. 

Siudies with Boots Secretin 

In our initial studies an infusion of Boots secretin in 
patients with the Zollinger-Ellison syndrome resulted in 
an unexpected brisk rise in circulating levels of serum 
gastrin. In two patients (G.R., O.H.) studied preopera- 
tively (Fig. 1), serum gastrin levels rose shortly after the 
initiation of the secretin infusion. Gastrin concentration 
in patient G.R. rose from an average basal level of 309 

pg/ml. to a level of 417 pg/ml. at 15 minutes. Gastrin 
concentrations in patient O.H. rose abruptly from an 
average basal level of 264 pg/ml. to 533 pg/ml. 2 min- 
utes after the initiation of the infusion. 

_ These patients, as well as four other patients with 
proven Zollinger-Ellison syndrome, were studied after 
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Fic. l. Serum gastrin responses to a one-hour infusion of secretin 
(Boots-8 Crick-Harper-Raper units/Kg.) in two preoperative pa- 
tients with the Zollinger-Ellison. syndrome. 
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Fic. 2. Serum gastrin responses to a one-hour infusion’ of secretin 
(Boots-8 Crick-Harper-Rapér units/Kg.) in six patients with the 
Zollinger-Ellison syndrome after total gastrectomy. Although basal 
levels varied widely among the patients (note different ordinate 
scales), secretin consistently produced a prompt rise in the con- 
centration of serum gastrin. 


total gastrectomy. The results of these tests with Boots 
secretin are shown in Figure 2. Gastrin concentrations 
rose abruptly after the initiation of the secretin infusion 
in each patient. After this initial rise; the pattern of the 
gastrin responses was not consistent. In some patients an 
unexpected late rise occurred, The rise in serum gastrin 
levels (given as percent of basal gastrin) in these six 
postoperative patients with the Zollinger-Ellison syn- 
drome, is shown as a composite in Figure 3. At 15 
minutes the average gastrin level rose to 165 per cent 
of basal. One and one-half hours after the termination 
of the sacretin infusion, the level of serum gastrin was still 
elevated (12% of basal). 


Studies with Pure Natural (GIH) Secretin 


The effect of the intravenous injection of 1 CU/Kg. of 
pure natural porcine secretin on fasting concentrations 
of serum gastrin was studied in 11 control subjects and 
in six duodenal ulcer patients. The average basal gastrin 
level in the 11 control patients was .109 pg/ml. This did 
not change significantly after the administration of GIH 
secretin (Fig. 4). The average basal gastrin concentra- 
tion in six duodenal ulcer patients was 137 pg/ml. After 
the administration of GIH secretin, gastrin levels fell in ` 
five duodenal ulcer patients and rose in one (F.S.). In- 
the latter patient gastrin concentrations rose from a basal 
level of 144 pg/ml. to 306 pg/ml. 75 minutes after the 
injection of secretin. Data for the remaining five duo- 


ne 


v 


Vol. 176 « No. 3 


200. 44 


Secretin 6 post- 
see K— m & post-op 

$ 4U/kg ZE patients 
1804 


170 

: m 150 
OF BASÁL iaol 
1304 
120 + 
uo 4 
basal 


SH 


= 

2 
HOURS 
Fic. 3. Composite graph of the serum gastrin responses to secretin 
(Boots-8 Crick-Harper-Raper units/Kg.) in the six Zollinger- Elli- 
son patients shown in Figure 2. Gastrin concentrations have been 
converted to percent of basal gastrin concentration to correct 
for variability in basal levels among the patients. Vertical bars 
represent + 1 SEM. 
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denal ulcer patients were analyzed together and are 
shown in Figure 4. These five patients had an average 
basal gastrin level of 136 pg/ml. which fell to 122 
pg/ml. at 10 minutes, 117 pg/ml. at 15 minutes, and 
116 pg/ml. 30 minutes after the injection of secretin. 

The integrated gastrin responses for the 25-minute 
period from 5 minutes to 30 minutes after the injection 
of secretin in 11 control subjects was —99.6 pg-min/ml. 
(Table 1). This minus value is indicative of a fall in 
gastrin output; the change was not significant. The 25- 
minute integrated gastrin response in five duodenal ulcer 
patients after the injection of pure secretin was —407.5 
=+ 171.8 pg-min/ml. (Table 1). Taken alone, this change 
is significant, but it cannot be so considered becausé one 
patient was excluded. 

The effect of the intravenous injection of 1 CU/Kg. of 


_ pure natural secretin on the fasting levels of serum gas- 


trin in five patients with the Zollinger-Ellison syndrome 
after total gastrectomy is shown in Fig. 5. The average 
level of gastrin before injection of secretin was 6605 

pg/ml. It rose to 20,477 pg/ml. at 5 minutes. Because of 
the great variability in gastrin levels (ranging from 546 
to 55,000 pg/ml. at 5 minutes), this change did not 
achieve statistical significance. The 25-minute integrated 
gastrin concentrations for these five postoperative pa- 
tients are shown iri Table 2. In the radioimmunoassay of 
serum gastrin concentrations in this study, several values 
in the 2-minute, 5-minute, 10-minute, and 15-minute 
samples were off the scale of the dose-response curve, 


. indicating that the actual concentrations were greater 
^" than those recorded. Because of this limitation, the inte- 


grated gastrin concentrations were less meaningful, and 


5 consequently © ‘the data were analyzed by the Friedman 


two-way analysis of variance.” With this statistical 
technic the significance of variations in patterns of re- 
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60 
MINUTES 


Fic. 4. The effect of intravenous injection of pure natural porcine 
secretin (GIH secretin—1 CU/Kg.) on serum gastrin levels in fast- 
ing duodenal ulcer patients and in control subjects. The vertical 
bars equal 1 SEM. The early diminution in gastrin noted in the 
duodenal ulcer patients was significarit (Table 1). 


sponse are analyzed rather than absolute levels. By this 
method, the gastrin response during the first 15 minutes 
after the injection of secretin was significant (p < 0.01). 

The effect of the intravenous injection of 1 CU/Kg. of 
pure natural secretin on the postprandial response of 
serum gastrin was studied in nine contro] subjects (Fig. 
6). In the curve showing the response of gastrin to food 
alone, the average basal level of serum gastrin was 103 
pg/ml. This rose to 166 pg/ml. 15 minutes after eating. 
On the curve giving the results for serum gastrin meas- 
urements after food plus secretin, the mean basal level 
was 114 pg/ml.; at 10 minutes, the gastrin concentration 
was 118 pg/ml., at 15 minutes 125. pg/ml., and at 30 
minutes 141 pg/ml. The integrated gastrin responses for 
food alone and for food plus secretin for the 25-minute 
period (5 to 30 minutes after food) are compared in 
Table 3. The 25-minute integrated gastrin response to 
food plus secretin was significantly less than that to food 
alone (p < 0.01). 

The results of the intravenous administration of 1 
CU/Kg. of GIH secretin on the postprandial response to 
food in six duodenal ulcer patients are shown in Figure 
7. In the curve depicting the changes in gastrin concen- 
trations after. food alone, the mean basal serum gastrin 
concentration was 137 pg/ml.; this rose to 239 pg/ml. 
at 15 minutes. On the curve denoting the effect of food 
and secretin on gastrin concentrations, the mean basal 
concentration of serum gastrin was 151 pg/ml. which 
rose to 175 pg/ml. at 15 minutes. The 25-minute inte- 


TABLE 1. Fasting 25-min* Integrated Gastrin Responses to Secretin— 


Control and D.U. Patients 











Mean 
: (pg-min./ml.) SEM 
11 control subjects —99.6 93.3 
5 D.U. patients —407.5 171.8 








* Calculated from 5 min. to 30 min. after injection of GIH secretin 
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Fic. 5. The effect of intravenous injection of pure natural secretin 
(GIH secretin—1 CU/Kg.) on mean serum gastrin levels in five 
fasting Zollinger-Ellison patients, Each patient had undergone 
total gastrectomy and had residual Zollinger-Ellison tumor tissue. 
There was a significant (p < 0.01) early rise in gastrin after the 
secretin injection (Table 2). 


grated gastrin response for food alone is compared to 
that of food plus seċretin in Table 3. The response to 
food plus secretin was significantly smaller than that to 
food alone (p < 0.05). 

The effect of GIH secretin on the postprandial serum 
gastrin response in five postoperative patients with the 
Zollinger-Ellison syndrome is shown in Figure 8. On the 
curve portraying the serum gastriri response to food 
alone, the mean basal concentration was 4704 pg/ml. 
Gastrin tose to 11,236 pg/ml. at 10 minutes and re- 
turned to basal level at 60 minutes. On the curve show- 
ing the gastrin response to food plus secretin, the mean 
basal gastrin concentration was 4398 pg/ml. Gastrin rose 
to 14,502 pg/ml. at 10 minutes, 14,570 pg/ml. at 15 
minutes, and 15,859 pg/ml. at 30 minutes. As in the 
study on the effect of secretin on fasting levels of serum 
gastrin in patients with the Zollinger-Ellison syndrome, 
several of the individual gastrin measurements were off 
the dose-response curve so that the actual level is larger 
than the one recorded. The integrated gastrin concen- 
tration after food in each of the patients with the Zol- 
linger-Ellison syndrome is given in Table 4. The eleva- 
tion in serum gastrin concentration on the food plus 
secretin curve (Fig. 8) is not statistically significant since 
the integrated gastrin responses for food plus secretin 











TaBLE2. Fasting 25-min* Integrated Gastrin Responses to Secretin— 
Patients with Zollinger-Ellison Syndrome 
Integratéd Gastrin 
Patient Sex Age Concentration (pg-min./ml.) 

G.R. M 43 135 
H.B. F 71 321,100 
Js. F 34 404,875 
D.E. F 52 13,650 
O.H. M 51 . 26,810 

Mean 153,314 

SEM 86,720 





* Calculated from 5 min to 30 min after injection of GIH secretin 
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Fic, 6. The effect of intravenous injection of pure natural secretin 
(GIH secretin—1 CU/Kg.) on the serum gastrin response to food 
in nine control subjects. Secretin significantly diminished the 25- 
minute integrated gastrin concentration (Table 3). Vertical bars 
equal 1 SEM. 


were actually smaller in two patients (G.R., H.B. than 
with food alone ( Table 4). 

Measurement of serum calcium concentrations uni- 
formly failed to show change after injection of GIH se- 
cretin. Calcium levels obtained in the study on the ef- 
fect of GIH secretin on fasting levels of gastrin in five 
patients with the Zollinger-Ellison syndrome are shown 
in Table 5. 


Studies with Synthetic Secretin 


The effect of intravenous injection of 1 CU/Kg. of 
Squibb synthetic secretin on fasting levels of serum gas- 
trin in four dogs is shown in Figure 9. Thé mean basal 
coricentration of serum gastrin was 91 pg/ml.; gastrin 
fell to 69 pg/ml. 15 minutes after the injection of secre- 
tin, The 25-minute integrated serum gastrin response was 
—445 pg-min/ml. + 128, This diminution inserum gastrin 
after secretin administration was significant (p « 0.05). 






6 DU. Pat 


GASTRIN 
pg/ml !50 






Food * Secretin 


Fic. 7. 'The effect of intravenous injection of pure natural secretin 
(GIH secretin—1 CU/Kg.) on the serum gastrin response to 
food in six duodenal dba] patients. The 25-minute integrated gas- 
trin concentration of the food was significantly diminished by 
secretin (Table 3). Vertical bars equal 1 SEM. 
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TABLE 3. Effect of Secretin on Postprandial 25-min* Integrated 
Gastrin Responses—Control and D.U. Patients—(pg-min./ml.). 








Food + 
Food Secretin Significarice 
9 Control subjects 1327.6 375.0 p<0.01 
+ 349.7 +132.0 
6 D.U. patients 2289.7 532.3 $ «0.05 
+616.7 +496. 1 


* Calculated from 5 min. to 30 min. after injection of GIH secretin 


Gastrin Levels in Normal Individuals and Duodenal 
Ulcer Patients 


Apart from testing the effects of secretin, these studies 
also allow comparison of the gastrin concentrations in 11 
. _ control subjects and six duodenal ulcer patients. In the 
~~’ study summarized in Figure 4, the average basal gastrin 
- level was 109 pg/ml. in control subjects and 137 pg/ml. 
in duodenal ulcer patients. In postprandial studies (Figs. 
6 and 7), the average basal gastrin concentration in the 
studies with food alone was 103 pg/ml. in control sub- 
` jects and 137 pg/ml. in duodenal ulcer patients (Table 
6). Comparison of the solid-line “Food” curyes for con- 
trol subjects (Fig. 6) and duodenal ulcer patients (Fig. 
7) provides evidence that the postprandial gastrin re- 
sponse is greater in duodenal ulcer patients than in nor- 
mal man; calculation of the integrated. gastrin response 
to food: (Table 6) supports this observation, although 
neither finding is statistically significant. 


Discussion 


$ These studies provide further evidence for physiologic 
'. interaction between secretin and gastrin. Secretin ap- 
pears to suppress the release? of gastrin in response to a 
, meal in normal subjects and in patients with duodenal 
ulcer disease. Secretin apparently has the further capabil- 
ity of releasing gastrin from at least some Zollinger-Elli- 
son tumors. Other results are less clear and await clarifi- 
cation by the study of larger series of patients, perhaps 
with larger doses of secretin. Since the maximal physio- 
logic dose of secretin for pancreatic secretion is « 2 
CU/Kg.-hr,?* we used a dose (1 CU/Kg.) that would 
give a blood level that theoretically could be achieved 
-under physiologic conditions. 
Inhibition of gastric secretion by secretin has been 
considered to be due chiefly to a noncompetitive inhibi- 
tion of the action of gastrin at the parietal cell.11:1428 A]- 








. * Hansky and colleagues!? offered three possible explanations 

` for a diminished level of gastrin after administration of secretin: 

- inhibition of gastrin release, neutralization of gastrin in the blood 
or increased rate of catabolism. Our data provide no evidence in 
favor of any one of these possibilities; to facilitate discussion and 
because it seems most likely, we assume that the lower levels are 
caused by interference with release of gastrin. Catabolic mechan- 
isms for gastrin seem to be rapid and active,?9 and levels will fall 
quickly if its release is suppressed. 


SECRETIN ON CIRCULATING GASTRIN 





389 
(Food 
15,000 5 Z-E Patients 
Post-op 
* Secretin 
10,000 
GASTRIN 
pg/ml 
5,000 —X 
—2 
2,500 
yn. 
Oo 5 10 1 3*0 45 60 90 120 150 


MINUTES 


Fic. 8. The effect of intravenous injection of pure natural secretin 
(GIH secretin—1 CU/Kg.) on the serum gastrin response to food 
in five Zollinger-Ellison patients. In three of these five patients, 
secretin increased the postprandial gastrin response (Table 4). 


TABLE 4. Effect of Secretin on Postprandial 25-min* Integrated 
Gastrin Responses—Patients with Zollinger-Ellison Syndrome— 
(bg-min./ml.) 











Patient Food Food + Secretin 
G.R 14,570 5,475 
H.B. 4 121,500 7,400 
J.S. 248,625 1,218,750 
D.E. 20,500 31,350 
O.H. 32,815 38,750 


* Calculated from 5 min. to 30 min. after injection of GIH secretin 


TABLE 5. Effect cf Secretin on Serum Calcitum* (mg/100 ml.) in 
Five Patients with | Zollinger-Ellison Syndrome after Total 
Gastrectomy 





Time after Injection of Secretin 








Patient Basal 5 min 15 min 30 min 60 min 
G.R.** 8.7 8.8 9.2 9.0 8.6 
H.B. 9.1 9.2 9.1 8.5 8.4 
J.S. 9.3 9.1 8.7 8.4 8.5 
D.E. 9.2 9.2 9.3 9.2 8.9 
O.H. 9.2 8.8 9.0 8.8 8.9 
Mean 9.1 9.0 9.1 8.8 8.7 
SEM 0.1 0.1 0.1 0.1 0.1 





* Samples for calcium determination were obtained during test 
of effect of GIH secretin on fasting levels of serum gastrin (other 
results from this same study are given in Fig. 5 and Table 2). 

** Parathyroid adenoma removed April, 1971; total gastrectomy 
November, 1971. 


though secretin does exert some inhibition on gastric 
secretion stimulated by the vagus,*? other research sug- 
gests that this inhibition is due to suppression of vagally 
released gastrin and that direct cholinergic stimulation of 
parietal cells is not influenced by secretin.*! Similarly, 
histamine-stimulated gastric secretion is not especially 
vulnerable to inhibition by secretin.?! Johnson and Gross- 
man 7° recently concluded that secretin exerts its inhibi- 
tory action at the parietal cell against gastrin. 
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Fic. 9. The effect of intravenous injection of Squibb synthetic 
secretin’ (1 CU/Kg.) on fasting gastrin levels in dogs. The 25- 
minute integrated gastrin output was —445 pg-min./ml. (p < 
0.05). Vertical bars denote + 1 SEM. 


Evidence for the suppression of gastrin release by 
secretin is impressive. Hansky and associates reported 
significant suppression of fasting levels of serum gastrin 
in normal persons!? and in patients with pernicious 
anemia.’ We have failed to corroborate suppression of 
fasting levels in normal subjects, but we have shown 
significant diminution of fasting gastrin levels in dogs 
and in duodenal ulcer patients. Additionally, in the 
present study and earlier studies,? secretin seemed clearly 
to interfere with the release of gastrin in response to 
food in dogs, in normal man, and in patients with duode- 
nal ulcer. Diminution of fasting gastrin levels in dogs 
given synthetic secretin is evidence that suppression of 
gastrin release is an intrinsic property of the secretin 
molecule. 

It would appear then that secretin inhibits gastric se- 
cretion both by suppressing the release of gastrin and by 
directly antagonizing the action of gastrin at the parietal 
cell. This dual inhibitory action of one hormone on 
another (suppression of release and direct antagonism of 
action) appears, with information presently available, to 
be unique. We do have preliminary evidence, however, 
in unpublished observations, that glucagon and perhaps 
other substances may also suppress the release of gastrin 
as well as interfere with its action at the parietal cell. 

The effect of secretin on circulating gastrin appears 
clearly to be different in some patients with the Zollinger- 
Ellison syndrome than in normal man or in patients with 


TABLE 6. Comparison of Fasting Gastrin Concentrations and 25-min* 
Integrated Gastrin Response to Food in Control Subjects and 
Patients with Duodenal Ulcer ~ 





Fasting Serum 25-min Integrated 
Gastrin Concentration Gastrin Response to 





(pg/ml.): Food (pg-min/ml.) 
11 control subjects Mean 103 1328 
SEM +5 +350 
6 D.U. patients Mean 137 2290 
SEM +23 +617 





* Calculated from 5 min to 30 min after injection of GIH secretin 
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duodenal ulcer disease. Boots secretin caused an increase 
in fasting levels of serum gastrin in patients with the 
Zollinger-Ellison syndrome before and after total gas- 
trectomy. In an earlier study, in which a different proto- 
col was used, one patient (H.B.) did not show an 
elevation of fasting gastrin. The increase in fasting con- 
centrations of serum gastrin after the administration of 
GIH secretin to five postoperative patients with the Zol- 
linger-Ellison syndrome, clearly suggests that secretin 
releases gastrin from Zollinger-Ellison tumors. We have 
recently reported ?* a brisk and significant rise in the con- 
centration of serum gastrin that occurred after eating in 
three patients with the Zollinger-Ellison syndrome who 
had had total gastrectomy. The highly positive integrated 
gastrin output after food in postgastrectomy patients 
with the Zollinger-Ellison syndrome observed in the 
present study (Table 4) confirms that observation. In 
considering this postprandial rise in serum gastrin in pa- 
tients with no stomach, we have wondered about the 
nature of the signal that travels from the small intestine 
to the site of gastrin release (presumably tumor tissue in 
either pancreas or liver), and we have speculated, on the 
basis of the effect of exogenous secretion on the concen- 
tration of serum gastrin in these patients, that the mes- 
senger might be secretin. 

We have recently seen several patients whose clinical 
problems are highly suggestive of the Zollinger-Ellison 
syndrome but who have only equivocal elevations of 
serum gastrin. The differences in the serum gastrin re- 
sponses to secretin between duodenal ulcer patients and 
patients with the Zollinger-Ellison syndrome may be of 
diagnostic importance in atypical patients. 

There are other reports of the effects of secretin on 
fasting levels of serum gastrin in patients with the Zol- 
linger-Ellison syndrome.*!93! One patient showed no 
change in serum gastrin after the intravenous administra- 
tion of secretin, 1 unit/Kg./hr.;?* another patient demon- 
strated a rise in serum gastrin from 4000 pg/ml. to 5000 


pg/ml. after Boots secretin, 3 units/Kg.* In one patient 


with the Zollinger-Ellison syndrome reported by Isen- 
berg and colleagues,’* infusion of GIH secretin, 3 CU/ 
Kg.-hr. caused an increase in fasting levels of serum 
gastrin from 333 pg/ml. to a mean peak of 850 pg/ml. 
Infusion cf graded doses of secretin up to 9 CU/Kg.-hr. 
caused a rise in serum gastrin concentrations up to 2300 
pg/ml. In three other patients with the Zollinger-Ellison 
syndromes, however, intravenous injection of 2 CU/Kg. 
GIH secretin produced a small initial rise and then a fall 
in serum gastrin concentrations. As previously stated, all 
six patients with the Zollinger-Ellison syndrome in the 
present study who received Boots secretin showed a rise 
in fasting serum gastrin concentrations; in all five pa- 
tients who received GIH secretin the fasting integrated 
gastrin response was elevated, although the increase in 
patient G.R. was minimal (Table 2). 
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The fall in fasting gastrin concentrations in five out of 
six duodenal ulcer patients after administration of pure 
secretin suggests that secretin interferes with gastrin re- 
lease in patients with duodenal ulcer disease. The in- 
crease in gastrin concentration after secretin demon- 
strated by patient F.S. is cause for concern; he had no 
other clinical stigmata of the Zollinger-Ellison syndrome, 
and furthermore, he showed an impressive suppression 
of the gastrin response to food after administration of 
secretin (as did the other five duodenal ulcer patients). 
It will be important to follow patient F.S. to determine 
whether he develops characteristics of the Zollinger- 
Ellison syndrome. 

Calcium seems to play an important role in gastric se- 
cretion. Acute hypercalcemia stimulates gastric secretion 


_ in normal man? and causes an elevation of levels of 


serum gastrin and gastric secretion in patients with the 
Zollinger-Ellison syndrome;,!?* and in normal man and 
duodenal ulcer patients?" Isenberg and colleagues !* re- 
ported a single patient with the Zollinger-Ellison syn- 
drome who demonstrated an elevation of serum gastrin 
levels as well as a significant elevation of serum calcium 
concentration after the administration of secretin. In a 
subsequent report secretin was found to bring about a 
significant elevation of serum calcium in normal persons, 
in patients with primary hyperparathyroidism, and in 
patients with the Zollinger-Ellison syndrome In the 
present study, caleium was measured in all serum sam- 
ples obtained from patients who had received GIH 
secretin. There was no pattern in the response of calcium 
concentrations after secretin. Five patients with the 
Zollinger-Ellison syndrome failed to show any elevation 
of serum caleium after secretin (Table 5); the mean 
serum calcium value one hour after secretin (8.7 + 0.1 
mg./100 ml.) was significantly lower (p < 0.05) than 
the basal level (9.1 + 0.1 mg./100ml.). 

This study provides an incidental rewarding compari- 
son of serum gastrin levels in normal persons and pa- 
tients with duodenal ulcer disease. There have been re- 
ports (24, 37 inter alia) that gastrin values are lower than 
normal in patients with duodenal ulcer. The present 
results confirm our previous observations 275 that fasting 


: and postprandial gastrin levels are normal or even ele- 


vated in duodenal ulcer patients. Since there does seem 
to be a standard closed-loop endocrine relationship be- 
tween hormone ( gastrin) and end-product ( gastric acid ) 
in normal person, Berson and Yalow? suggested that 
duodenal ulcer patients may have a defect in the normal 
feedback mechanism for inhibition of gastrin release in 
the presence of increased rates of acid secretion. 


Summary and Conclusions 


1) We used partially purified secretin (Boots) and 
pure natural porcine secretin (GIH) in this study of the 
effect of secretin on basal and postprandial levels of 
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serum gastrin on 12 normal subjects, six patients with 
duodenal ulcer, and six patients with the Zollinger- 
Ellison syndrome. The effects of synthetic secretin 
(Squibb) on fasting gastrin levels was studied in four 
dogs. 

2) Boots secretin (8 Crick-Harper-Raper units/Kg.- 
hr.) caused a rise in serum gastrin concentrations in two 
patients with the Zollinger-Ellison syndrome before 
gastrectomy and in six patients with the Zollinger-Ellison 
syndrome after total gastrectomy. 

3) Pure secretin (1 CU/Kg.) caused: 

a) no change in the fasting levels of serum gastrin 
in 11 control subjects, 

b) a decrease in fasting gastrin concentrations in 
five out of six duodenal ulcer patients tested, 

c) an increase in fasting serum gastrin levels in all 
five postgastrectomy patients with the Zollinger- 
Ellison syndrome, 

d) a decrease in the postprandial serum gastrin 
responses in all nine control subjects tested, 

e) a decrease in the postprandial serum gastrin 
response in all six duodenal ulcer patients 
studied, and 

f) an increase in the postprandial serum gastrin 
response in three out of five postgastrectomy pa- 
tients with the Zollinger-Ellison syndrome. 

4) Synthetic secretin (1 CU/Kg.) caused a fall in fast- 
ing serum concentrations of gastrin in four adult mongrel 
dogs. 

3 ) Pure secretin did not change the serum concentra- 
tion of calcium in any study. 

6) Fasting levels of gastrin and postprandial inte- 
grated gastrin responses were higher in duodenal ulcer 
patients than in control subjects. The difference was not 
statistically significant, i 

7) We conclude that: 

a) Secretin suppresses the release of gastrin in 
response to a meal in normal man and in pa- 
tients with duodenal ulcer disease; 

b) Secretin releases gastrin from tumor tissue in 
some patients with the Zollinger-Ellison syn- 
drome; 

c) The difference in the serum gastrin responses 
to secretin between duodenal ulcer patients 
and patients with the Zollinger-Ellison syn- 
drome may be of diagnostic importance in 
atypical patients. 
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Discussion 


Dr. E. L. Brapiey III (Atlanta): This informative paper has 
raised some rather interesting questions. As Dr. Thompson men- 


tioned, for some time now it has been known that the adminis- 
tration of exogenous secretin results in a significant decrease not 
only in basal acid secretion but also in pentagastrin stimulated 
gastric acid secretion. 
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Recently, Hansky and his associates in Australia have demon- 
strated that exogenous secretih also- produces a significant de- 
crease in basal serum -gastrin levels. Original work from Dr. 
Thompson’s laboratory—does suggest that exogenous secrétin will 
also decrease the expected rise in post-cibal gastrin. From similar 
and related observations, several investigators have proposed that 
endogenous secretin occupies a physiologic role in the regulation of 
gastric acid secretion, and perhaps gastrin release. 

At Emory, we haye also been concerned with the interaction of 
secretin and gastrin, particularly in the Zollinger-Ellison syn- 
drome. By combinirig our data with the previously reported cases, 
we can fully support Dr. Thompson's ohservetans, in that in no 
instance were we able to find a decrease in serum gastrin coh- 
centrations with exogéhous secretin in patients with Zollinger-Elli- 
son syndrome, We have tentatively concluded that if the secretin 
negative feedback loop does indeed exist, it appears to be broken 
in this syndrome. Presently we are investigating a possibility, sup- 
ported by some circumstantial evidence, that a gastric factor is 
responsible. 


Dr. Larry J. SanzEeNBACHER (Columbus): We have been very 


7--interested in- this same area, and have performed similar studies. 


mS 


They havé been slightly different in that we have done these 
studies in fasting patients, and secondly we have given the se- 
cretin as a constant infusión, rather than as a bolus. 

With the intravenous administration of one unit per kilogram 
for one hour there is a 50% decrease in serum gastrin, even in the 
fasting state. This decrease occurred during the first 30 minutes 
of the infusion and the levels remained relatively constant until 
the infusion was stopped. 

In our laboratory, the serum gastriri range for the normal 
patients is from undetectable levels to about 150 picograms/ml. 
With this dosage of secretin, gastrin. levels decreased to approxi- 
mately 75. or 50 picograms per mil, When the secretin infusion was 
stopped, the serum pe levels promptly retumed tó normal. 
During the infusion there was ari absence of gastric acid secrétion 
despite the presencé of measurable levels of serum gastrin. 

We also agree with Dr. Thompson that there are no -changes 

in the serum calcium, phosphorus or magnesium concentrations 
during the secretin infusion, at least at the dosage used. We have 
also measured parathyroid hormone levels and no significant 
changes have been observed. We have not yet had the oppor- 
tunity to use this infusion test in an ulcerogenic tumor patient, 
but look forward to this if it will help us identify the difficult 
cases that present in the early stagés of the syridrome without the 
classic elevation of serum gastrin. 
_ We have also observed variations in the fasting serum gastrin 
levels which are consistent with the cyclic nature of these tumors. 
One patient presented with a sèrum gastrin level of 500 pgs/ml. 
and within the week had gastrin levels that ranged as high as 
1200. 

We look forward to using this secretiri infusion in future ulcero- 
genic patients and anticipate that it will be beneficial iri these 
early presentations. 


Dä. Lawrence W. Way (San Francisco): I would like to 
compliment Dr. Thompson on a fine paper—-an excellent piece of 
work—and ask him a question that occurred to me as I was lis- 
tening. 

Does he think that endogenous secretin plays a role in the 
pathophysiology of the Zollinger-Ellison syndrome? One might 
opa that, since a greatly expanded segment of small bowel is 
acidified in this disease, increased amounts of endogenous secretin 
would be released, perpetuating the pathophysiological mechanism. 
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Has he measured changes in serum gastrin levels upon aspirating 
acid from the stomach in Z-E patients? Or is there a significant 


drop y serum gastrin levels after total gastrectomy in these pa- 
tients 


Da. James C. THomrson (Closing): Dr: Bradley called atten- 
tion to our failure to repeat the results of Dr. Hanski, We were 
surprised at this, We certainly thought that, because of all of our 
other data, this finding would be supportive, and I can only sur- 
mise that this difference was due to variations in patients and to 
perhaps, to variations in dosage. 

I am sure everybody who is familiar with the field recogiiizes 
that the dosage of secretin that we use, one clinical unit per kilo, 
is a physiclogic dose, and is smaller than the dose used in many 
other studies. Thé Z-E patient reported by Isenberg and Gross- 
man, for example, was given 2 CU/Kg; with doses of three, six, 
and nine clinical units per kilo, the levels of gastrin were reported 
to rise directly. : 

We are happy to have our studies confirmed by Dr, Sanzen- 
bacher, in Dr. Zollinger's laboratory. I ami sure that the variations 
that are seen are likely due to differences in dosage. 

Dr. Way asked whether endogenous secretin plays a role in the 
Zollinger-Ellison syndrome. I do not know the answer to that. I 
will say that we have rioted a very surprising phenomenon which 
we showed on one of the slides: that is, the large postprandial 
Serum gastrin response in Zollinger-Ellison patients following total 
gastrectómy. These are patients who have no stomach and who 
have an esophagoduodenostomy. The prune questiori, of course, 
arises as to the nature of the signal: what goes from the small 
bowel to the site of gastrin release (presumably metastases in the 
liver or residual tumor in the pancreas)? . 

We had speculated initially that that messenger was secretin.*4 
The fact that exogenous secretin does cause a release of gastrin 
from tumor tissue. in Zollinger-Ellison has given some support to 
that speculation. That is all we can say. i 

The question of gastrin levels following total gastrectomy has 
intrigued us. The question of gastrin levels following gastrectomy 
in patients with the duodenal ulcer syndrome or following an- 
trectomy in normal animals is intriguing. We took thrée nor- 
mal dogs with fasting gastrin concentrations of 60 pg/ml., and 
we did a total gastrectomy. The gastrin concentration fell only 
to about 30 pg/ml., which caused us to speculate about extra- 
antral sources of gastrin. We have shown that there is consider- 
able concentration of gastrin in the duodenal mucosa, and we 
have, been startléd to find that there is also a great deal of gastrin 
in jejunal mucosa. 

Four out of the six Zollinger-Ellison patients that we have 
followed after total gastrectomy have showed a progressive and 
very remarkable rise in sérum gastrin concentrations, All have 
metastatic tumors. One of our patients, a lovely 70-year-old lady, 
now has 35,000 pg/ml. of gastrin in her serum and is completely 
asymptomatic. Although gastrin has been shown to affect many 
organs, once the parietal cell mass is removed, Z-E patients ap- 
pear to tolerate massive hypergastrinemia without signs or symp- 
toms of dysfunction of any organ. ; 

Lastly, in closing, I would like to remark upon what may be 
à unique physiologic relationship between secretin and gastrin; 
namely; that in inhibiting the —* of gastrin and in inhibiting 
the action of gastrin at the parietal cell, secretin iriterferes in two 
separate ways with the action of gastrin. This dual action of sup- 
pression of release and antagonism of primary action may be 
unique. We have preliminary data to suggest that this situation, 
is also true, however, with glucagon: 


Studies on the Potential Role of Secretin in the Islet Cell 
Tumor Diarrheogenic Syndrome 


LARRY J: SANZENBACHER, M.D.,^ HÁGOP S. MEKHJIAN, M.D.;** 


HE SYNDROMES associated with functioning tumors 
To the pancreatic islet cells enjoyed years of clinical 
anonymity. Gradually their hormonal conspiracy lias 
been unmasked with the recognition of a wide variety 
of syndromes associated with the overproduction of one 
or more hormones. Bioassay and radioimmunoassay tech- 
nics have documented the excessive production of in- 
sulin,?? gastrin, glucagon,?? serotonin, ACTH, MSH” 
and parathorinone.* Data were presented in 1968 impli- 
cating a secretin-like hormone as responsible for the 
watery diarrhea, hypokalemia and achlorhydria of the 
islet cell tumor diarrheogenie syndrome; Since that 
time very few new cases have been reported and little 
additional support for secretin as the etiologic polypep- 
tide has been forthcoming. Indeed, based on studies in 
canine Thiry-Vella loop preparations, a combination of 
gastrin and glucagon has been suggested as the respon- 
sible mechanism in the diaxrheogenic $yndrome.!?3 In 
spite of the controversy surrounding the responsible hor- 
mone, most authors have agreed that excessive produc- 
tion of succus enteticus, inhibition of intestinal absorp- 
tion or a combination of both offer the most attractive 
explanation for the massive water diarrhea associated 
with these particular nonbeta islet cel! tumors. 

In order to more clearly define both the mechanism 
and the responsible polypeptide in this syndrome, jejunal 
water and electrolyte transport was studied in 12 human 
volunteers — the intravenous administration of 
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either secretin or a combination of gastrin and glucagon. 
In addition, alcohol-phosphoric acid extracts of pan- 
creatic tumors from two patients with documented islet 
cell tumor diarrheogenic syndrome were characterized 
by bi» and immunoassay. This experimental data will be 
presented to provide further evidence that a tumor elab- 
orated secretin-like polypeptide is the principle etiologic 
hormone of the islet cell tumor diarrheogenic syndrome. 


Methods 


Intestinal perfusion of a 30 cm. segment of jejunum 
was performed in 12 healthy volunteers using the triple- 
lumen tube technic.” After an overnight fast a composite 
triple-lumen polyvinyl tube was passed by mouth and 
positioned fluoroscopically with the infusion port just 
beyond the ligament of Trietz (Fig. 1). The proximal 
and distal sampling sites were 15 and 45 cm. distal to 
the infusion port respectively. Thus,.there was a 15 cm. 
mixing segment and a 30 cm. jejunal test segment. Each 
liter of isotonic perfusion solution contained 145 mEq- 
Na, 5 mEq-K, 140 mEq-Cl, 10 mEq-MCO; and poly- 
ethylene glycol (PEG) (Mol. Wt. 4000; Carbowax, 
Union Carbide, New York, N.Y.) 5 Gm., as a noriabsorb- 
able market. Twenty microcuries of 24Na were added to 
each liter of perfusate to facilitate the determination of 
unidirectional (lumen-to-blood vs blood-to-lumen ) move- 
ments of sodium. Solutions were maintained at 37°C and 
infused by peristaltic pump (Harvard Apparatus Co., 
Model 600-900, Millis, Mass.) calibrated to deliver 10 
ml./min. at the infusion port. Fluid was collected at the 
proximal sampling site by siphonage at a constant rate of 
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Fic. 1. Triple lumen perfusion technic. Each liter of isotonic per- 


fusate contained: Na, 145 mEq; K, 5 mEq: Cl 140 o 


—8nd HCOs, 10 mEq. Fluid from the proximal à and distal (D 


1 


sampling sites was collected by siphonage. 


1 ml/min. As much fluid as could be obtained was 
siphoned at the distal sampling site and the collections 
were delayed 15 minutes to allow for the transit time 
across the study segment. A steady state was achieved 
over a 60-minute period and then five sequential 15- 
minute samples were obtained to serve as control periods. 
After appropriate controls had been collected, a constant 
intravenous infusion of either secretin (Jorpes, 4 
U/Kg./hr.) or combination of pentagastrin (Ayerst, 4 
U/Kg./hr.) and glucagon (Lilly, 5 ug/Kg./hr.) was be- 
gun and a second series of five sequential, 15-minute 
samples were obtained. 

Sodium and potassium were analyzed by flame pho- 


—" tometry (IL Model 143, Instrumentation Laboratory, 


PS 


Lexington, Mass.), chloride electrotitrimetrically ( Radio- 
meter Corp.), and bicarbonate manometrically ( Natelson 
Microgasometer 650, Scientific Industries Ine, Queens 
Village, N.Y.). Polyethylene glycol was measured turbi- 
dometrically at 650 mu.!? ?*Na was counted in a sodium 
iodide well (Nuclear-Chicago Corporation, Cincinnati, 
Ohio). Absorption or secretion of water and electrolytes 
was caleulated with reference to PEG, using standard 
formulae." The results are expressed as microequivalents 
of electrolyte or milliliters of water absorbed or secreted 
per minute per 30-cm. segment of jejunum. 

— The data were analyzed for statistical significance 
using the paired T test. 


Tumor Extraction 


Diarrheogenic islet cell tumor extracts were prepared 
by. Dr. Ronald Chance (Eli Lilly Co., Indianapolis, Ind.) 
using an alcohol phosphoric acid extraction procedure.” 
According to this method, the tissue was homogenized in 
82% ethanol which had been adjusted to pH 2.85 with 
85% phosphoric acid. After stirring for 2 hours at 4°C the 
homogenate was strained through cheese cloth. The fil- 
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Fic. 2. Control human jejunal water absorption. 


trate was then adjusted to pH 8.5 with ammonium 
hydroxide and centrifuged in the cold, After adjusting 
the supernate to pH 6.5 with 5 N H5SO,, two volumes of 
cold ethanol and five volumes of cold ether were ‘added. 
The solution was allowed to stand overnight at 4°C with- 
out stirring and centrifuged the following morning. The 
yields of powdered extract from the two pany tumor 
portions were 2.1% and 2.7%. 

Radioimmunoassay for gastrin in the tumor extracts 
were performed using the technic of McGuigan? In- 
sulin and glucagon determinations ` were kindly per- 
formed by the research laboratories of the Eli Lilly 
Company.  ' 


Results 


During the control periods, the jejunum continuously 
absorbed water at a rate of 1.68 ml./min./seg, sodium at 
232 uEq/min./seg and potassium at 12:5 uEq/min./seg 
( Table I). These levels of absorption remained constant 
during control perfusions up to 3 hours in duration. Dur- 


TABLE 1. Jejunal Water and Electrolyte Transport during the 
Control Period Compared to That during the Intravenous 
Administration of Either a Gastrin-glucagon Combination 

or Secretin 











Gastrin 
Control Glucagon Secretin 
(N = 20) (N = 5) (N = 5) 
Absorb Secrete 
Net: 
Water 
cc/min/30 cm 1.68 0.18 1.70 
Kt 
ueq/rin/30 cm 12.5 2.6 9.6 
NA* 
ueq/min/30 cm 232 18.9 290 
Unidirectional *NA: 
Blood to lumen 
ueq/min/30 cm 585 527 992 
Lumen to blood 
768 174 


ueq/min/30 cm 542 
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ing the intravenous infusions of a combination of penta- 
gastrin (Ayerst, 4 ug/Kg./hr.) and glucagon (Lilly, 5 
ug/Kg./hr.) control absorption was inhibited. Water ab- 
sorption was reduced to 0.18 ml./min./seg. (Fig. 3), so- 
dium to 18.9 uEq/min./seg and potassium to 2.6 uEq/ 
min/seg. The mechanism responsible for the decreased 
absorption was determined from the changes in “Na 
counts relative to the net sodium change. The gastrin- 
glucagon combination significantly inhibited movement 
of water and electrolytes from bowel lumen-to-blood (p 
< .05). Transport from blood-to-lumen did not differ from 
that during the control period. 

In contrast a constant intravenous infusion of secretin 
(Jorpes; 4 U/Kg./hr.) produced an abrupt reversal of 
jejunal fluid and electrólyte transport. Water (Fig. 4), 
sodium and potassium were actually secreted by the 
jejunal mucosa at rates of 1.7 ml./min./seg, 290 uEq/ 
min,/seg and 9.6 uEq/min./seg, respectively (Table 1). 
Moyement of water and electrolytes from lumen-to-blood 
did not change significantly during the 75-minute hor- 
mone infusion. The enhanced secretion of succus enteri- 
cus was caused solely by a marked increase ( p < 05)in 
the transport of water and electrolytes from blood-to- 
lumen. ` 

Thus a sou bitattons of gastrin and pase inhibited 
the transport of nearly 90£ of the water that is normally 
absorbed in the basal state. The intravenous administra- 
tion of secretin on the other hand actually produced 
secretion of an additional 1.7 ml. of water per minute by 
the jejunal segment. In all studies, the jejunal absorption 
of fluid and electrolytes promptly returned to normal at 
the termination of the hormone infusions. 


Tumor Extract Studies 


For the first time in our experience a positive secretin- 
like response was demonstrated from the primary pan- 
creatic tumors of two patients with the diarrheogenic 


— tant 


Fic. 3. The effect of intravenous gastrin and glucagon on human 
jejunal water M diss (mean, 5 studies). The first four periods 


represent control absorption. The remaining four periods demon- 
strate the hormone — 
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Fic. 4. The effect of intravenous secretin on human jejunal water 
absorption (mean, 5 studies). The first four periods represent con- 
trol absorption. The remaining four periods demonstrate the hor- 
mone effect.’ 


syndrome, Both patients had the characteristic clinical 
and laboratory manifestations of severe watery diarrhea, 
hypokalemia and achlorhydria. A total of 15 Gm, of non- 
beta islet cell tumor from the first patient, who was 
treated in 1969 at Ohio State University, was available 
for extraction. We are greatly indebted to Dr. Martin J. 
Salwen, Director of Pathology, Monmouth Medical Cen- 
ter in Long Branch, N.J. for generously supplying us 
with 30 Gm. of pancreatic tumor from a second patient 
with proved diarrheogenic syndrome, treated by Drs. 
Alberto Dodde and Elias Abou-Lehof of that same insti- 
tution.?* 

Extracts of these tumors were studied in anesthetized 
dogs using a modification of the bioassay model of Dr. 
T. M. Lin.’ These experiments were carried out while 
thé animals were receiving a constant intravenous in- 
fusion of pure natural secretin (Jorpes ) at a rate of 0.25 
U/kg. /hr. Bile and pancreatic juice were collected 
separately under oil, at sequential 10-minute intervals. 
After a constant rate of pancreatic secretion had been 
established in each experiment, 25 ünits of Jorpes secretin 
were injected intravenously. After demonstrating a satis- 
factory pancreatic response to secretin (Fig. 5), flow 
rates were allowed to return to baseline and the tumor 
extracts were administered as a bolus injection. A final 
dose of 25 units of Jorpes secretin: was injected at the 
conclusion of testing to assure adequate terminal pan- 
creatic responsiveness. Volume, bicarbonate and total 
protein concentrations were determined in all samples. ' 

Following the bolus injection of 40 mg. of the extract 
from one primary tumor and 80 mg. from the other a 
prompt and substantial rise in pancreatic output was 
produced. This response closely paralleled that observed 
after the injection of Jorpes secretin. There was an in- 
crease in volume and bicarbonate concentration, with a 
reciprocal fall in total protein concentration (Fig. 6), 
Previous studies, using this same bioassay model, have 
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Fic. 5. Response of pancreatic juice bicarbonate (solid line), pro- 
tein concentration {dashed line) and volume in the anesthetized 
canine bioassay model after the intravenous administration of 
Jorpes secretin. 


demonstrated that serotonin, gastrin, prostaglandin E-1, 
glucagon, cholecystokinin-pancreozymin and histamine 
do not give this "classic" pancreatic secretin response.’ 

The extracts were also tested in two conscious dogs by 
Dr. T. M. Lin (Eli Lilly Co., Indianapolis, Ind. ).?° These 
chronic preparations made it possible to determine the 
effect of the tumor extracts on gastric acid secretion as 
well as biliary and pancreatic output. In contrast to the 
bolus technic used in the anesthetized preparation, a con- 
tinuous intravenous infusion of 1 or 2 mg./Kg./hr of both 
tumor extracts was given. These infusions produced an 
increase in pancreatic juice volume and bicarbonate con- 
centration. There was a reciprocal decrease in protein 
concentration during the administration of the extract 
from Case 2. The protein concentration rose when the 
Case 1 extract was given, however. At the same dosage, 
gastric acid secretion was inhibited by both tumor ex- 
tracts. The extract from Case 1 also demonstrated a mild 
hyperglycemic effect; but none was seen with the admin- 
istration of the Case 2 extract. 

Increasing concentrations of both tumor extracts were 
assessed by radioimmunoassay. These studies docu- 


mented that the concentrations of gastrin, glucagon, and : 


insulin present were much less than that found in normal 
pancreas. The amounts were so small that they could not 
have produced a hormonal effect when given in the bio- 
assay models. 


Discussion 


A specific diarrheogenic hormone of islet cell origin, 
first postulated in 1961 and strongly implicated by the 
studies of Gardner, Peskin, Cerda and Brooks, was identi- 
fied 7 years later as secretin or a secretin-like substance.” 
10.38 This observation was based on extensive clinical and 
laboratory studies of two patients with the clinical triad 
of fulminating watery diarrhea, life-threatening hypo- 
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kalemia and basal achlorhydria which could be over- 
ridden by the administration of histamine. The first 
indication of secretory over-activity by the pancreas and 
biliary tract came during the operation on the first pa- 
tient when it was noted that the duodenum continually 
refilled with secretions and, more importantly, that the 
gallbladder was tensely distended. Analysis of the other- 
wise very dilute bile aspirated from the enlarged gall- 
bladder revealed elevated levels of chloride and bicarbo- 
nate, a finding that had been described only after secretin 
infusion in animals.3 Strikingly similar results were ob- 
tained when bile removed from the enlarged gallbladder 
of the second patient was analyzed. The prompt return 
of normal acid values in the patient who did not have 
metastatic tumor provided further support that an in- 
hibitory substance, presumably with secretin-like char- 
acteristics, had been elaborated by the non-beta islet cell 
tumor. The solid pancreatic tumor from the first case and 
the hepatic metastases removed from the second were 
prepared for biological assay according to a method of 
extraction provided by Dr. T. M. Lin of Eli Lilly Labora- 
tories. While there was no response from the solid pan- 
creatic tumor, the hepatic metastasis produced a prompt 
rise in the volume of pancreatic juice and bile which 
closelv paralleled that seen after the injection of pure 
natural (Jorpes) secretin. There was also a rise in the 
output and concentration of pancreatic juice bicarbonate 
together with a fall in the concentration and output of 
chloride. Decreased pancreatic juice enzyme concentra- 
tions were reflected in the lowered concentrations of pan- 
creatic juice amylase and total proteins. Of the control 
substances tested, including cholecystokinin-pancreozy- 
min, glucagon, gastrin pentapeptide, histamine, serotonin 
and prostaglandin E-1, only Jorpes and synthetic secretin 
evoked similar responses. Unfortunately, diarrhea could 
not be produced in conscious dogs despite the prolonged 
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Fic. 6. Response of pancreatic juice bicarbonate (solid line), 
proteir concentration (dashed line) and volume in anesthetized 
canine bioassay model after the intravenous administration of 
tumor extract. 
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infusion of large doses of Jorpes secretin. However, ex- 
plosive diarrhea did occur in two conscious animals re- 
ceiving continuous intravenous secretin, after the rapid 
intravenous administration of the active tumor extract. 

In further studies, Tompkins, et al., demonstrated that 
the effects of these same active extracts upon the flow as 
well as the bicarbonate and chloride secretion of hepatic 
bile in test animals were qualitatively similar to those of 
Jorpes and synthetic secretin. Thin layer chromatog- 
raphy of the bile samples from both patients was felt to 
mitigate against the production of free or unusual bile 
acids by the liver as a possible cause of the diarrhea in 
this syndrome. Furthermore, they were able to produce 
explosive watery diarrhea by administering 1 unit Kg. of 
Jorpes secretin to a patient who had had an indwelling 
T-tube placed during choledochotomy several days previ- 
ously. Total bile collections during the baseline and 
secretin-stimulated periods (4 hours before the onset of 
diarrhea) revealed the characteristic increases in bile 
volume, bicarbonate and chloride secretion. Diarrhea had 
been observed by Wormsley in two patients during clini- 
cal studies on the effects of secretin in man.?® 

In the 4 years which have elapsed since the original 
suggestions that secretin is the polypeptide elaborated in 
the islet cell tumor diarrheogenic syndrome, there have 
been surprisingly few papers written to confirm or deny 
the concept. Professor J. Erik Jorpes in a written com- 
munication dated March 28, 1969 reported that his col- 
league, Viktor Mutt, had found "substantial secretin-like 
activity" in a diarrheogenic tumor sent to them by Dr. 
Bengt Ihre, though little else is known about the specific 
details of the case.!5 Tompkins and Kraft (Unpublished 
Data, 1971) bioassayed two extracts of hepatic metas- 
tases removed from a 55-year-old man under the care of 
Drs. H. William Scott and David H. Law at Vanderbilt 
University. On two occasions, they were able to demon- 
strate an increase in the volume of pancreatic juice to- 
gether with a rise in bicarbonate concentration and a fall 
in the protein concentration as well as a diminished spe- 
cific gravity and total solids in the bile, all of which were 
physiologically similar to the responses of pure natural 
secretin in this preparation. The results of further investi- 
gations aimed at defining the etiologic polypeptide in 
this syndrome have been less consistent. 

Sircus, Cleator and colleagues presented the clinical 
data of two patients with the islet cell tumor diarrheo- 
genic syndrome.?' One had an islet cell adenoma, while 
the other had only islet cell hyperplasia. Bioassays using 
cat, dog and rat preparations were carried out on tumor 
extracts as well as on plasma from these patients.? The 
tumor extract from the first case caused an increase in 
the output of pancreatic juice, compatible with a secretin- 
like effect, in both the dog and the cat preparations. An 
unexplained finding in the second case was a positive rat 
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bioassay for serum gastrin. Similarly, in the case of 
Gjone, et al., there were positive Lai Rat and PSU (pour- 
voir secretagogue urinaire) tests preoperatively, which 
they postulated may have been on the basis of competi- 
tion by the diarrheogenic hormone for the gastric acid 
secretory receptor site. In neither case, however, were 
the tumor extracts found to contain gastrin activity. The 
primary pancreatic tumor removed from Gjone's patient 
was extracted by Professor W. S. Rosenthal (New York 
Medical College), according to a method developed 
there for separating gastrone, and assayed for “inhibitory 
activity" in Heidenhain pouch dogs.?? It was concluded 
that these extracts contained a "gastrone-like substance." 
Secretin activity could not be demonstrated when the ex- 
tract was injected in a dosage that showed gastric secre- 
tory inhibition. The latter experiment was carried out in 
an anesthetized dog in which the major pancreatic duct 
had been cannulated. 

More recently, Barbezat and Grossman? have postu- 
lated a different concept, based on their observations 
from intestinal absorption studies in dogs prepared with 
Thiry-Vella loops. In this preparation, a combination of 
gastrin and glucagon decreased the net absorption of 
sodium and water, and increased the secretion of bicar- 
bonate in the ileum. Intravenous infusions of synthetic 
secretin had no effect on either jejunal or ileal transport 
of fluids and electrolytes. Further studies in intact dogs 
demonstrated that an intravenous infusion of a combina- 
tion of pentagastrin and glucagon produced explosive 
diarrhea within one to five hours. Secretin was not tested 
in the intact animals. 

In view of the known species differences to the various 
gastrointestinal hormones,’ the effect of either a combina- 
tion of gastrin and glucagon or secretin on intestinal 
water and electrolyte transport was tested in 12 normal 
human volunteers in an attempt to define both the mech- 
anism and etiologic hormone capable of producing the 
watery diarrhea associated with the syndrome. The hu- 
man intestinal perfusion technic 7 has been used in recent 
years to elucidate the mechanism of such diarrheal dis- 
eases as cholera, sprue, cholerrheic enteropathy and the 
ulcerogenic tumor syndrome.*’ Since diarrhea can be 
defined as a malabsorption of water and electrolytes, it 
has generally been accepted that the demonstration of 
either diminished absorption or increased secretion by 
these technics can be equated with the clinical manifes- 
tation of diarrhea. The experiments using normal controls 
demonstrated that the concurrent infusion of gastrin and 
glucagon actually decreased the absorption of fluid and 
electrolytes in the jejunum. The mechanism for these 
changes appears to be a direct inhibition of the transport 
from lumen-to-blood. 

Contrary to the findings of Barbezat and Grossman in 
their animal studies, intravenous secretin in man 
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prompted an excessive secretion of water, sodium and 
potassium into the jejunal lumen. The mechanism by 

: which secretin effected these changes would appear to be 
entirely different than that seen with the gastrin and 
glucagon combination since the absorptive capacity of 
the jejunum remained normal during the secretin infu- 
sion. If the secretin data are extrapolated for the entire 
length of the jejunum, the water losses in 24 hours would 
be greater than 12 liters. Even if the ileum and colon 
were able to absorb 5-6 liters of this excessive succus 
entericus, the residual 6-7 liters would approximate the 
diarrhea observed clinically. By similar reasoning, the 
potassium losses for the entire jejunum would exceed 75 
mEq./day. Currently available evidence suggests that 
potassium is absorbed from the intestine by a passive 
process along electrochemical gradients. In the ileum 

~ and colon the electrical gradient is increasingly more 
negative thus favoring potassium loss into the lumen. 
In the large intestine potassium is normally secreted. 
This suggests that the actual potassium losses would be 
even greater than that calculated on the basis of the 
jejunal fluid secretion. 

In view of the results reported by Grossman and Bar- 
bezat, it would be anticipated that extracts of diarrheo- 
genic islet cell tumors would contain gastrin and/or 
glucagon. The availability of sensitive radioimmunoas- 
says made it possible to rule out all but trace amounts of 
either gastrin, glucagon or insulin in the two tumors that 
were bioassayed. Furthermore, the few patients reported 
to have alpha cell glucagonomas have not been troubled 
with diarrhea, nor has it been a problem when glucagon 

= has been used therapeutically in cardiovascular surgery 
` or to control the symptoms of the beta cell adenoma. 
The bioassay evidence presented in 1968, which fa- 
vored a secretin-like substance as the etiologic polypep- 
tide, was based on the results of pancreatic and biliary 
responses to extracts of metastatic tumors from a patient 
with the diarrheogenic syndrome.** Although impressive 
secretin-like responses were obtained from these extracts, 
similar results were not obtained when extracts from pri- 
mary tumors were assayed. The lack of response from 
the primary tumor extracts may well have been due to 
the method of extraction and/or the documented lability 
of the secretin molecule. As outlined previously, the ex- 
traction method has subsequently been altered. By using 
the phosphoric acid-alcohol extraction procedure,* good 
yields of powdered extracts were obtained from both 
tumors. Bioassay studies of these extracts in both chronic 
canine preparations and also acute anesthetized dogs 
have documented a secretin-like effect on the pancreatic 
secretions. This effect is demonstrated by not only the in- 
creased volume but also the increased bicarbonate con- 
centrations. A reciprocal decrease in protein concentra- 
tions was seen in all the bioassay studies using the 
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extract from the Case 2 tumor. Case 1 tumor extract pro- 
duced a similar effect in the anesthetized dogs, but 
caused an increase in the conscious chronic preparations. 
We are unable to explain the differences in protein con- 
centration response between the acute anesthetized prep- 
aration and the conscious chronic model. Furthermore, 
we were able to characterize the effects of these extracts 
on gastric acid secretion as secretin-like in character. 

` Kraft, Tompkins and Zollinger !? in 1969 characterized 
the outstanding clinical and laboratory features of the 
diarrheogenic islet cell tumor syndrome on the basis of 
27 case reports collected from the available literature. 
Fifteen patients met each of the established criteria of 
the syndrome as developed by Marks and by Matsumoto 
(profuse watery diarrhea, hypokalemia, absence of gas- 
tric hypersecretion and a non-gastrin producing islet cell 
tumor}. These were designated proved cases. In the re- 
maining 12 patients, the hypokalemia and/or absence of 
gastric hypersecretion was implied rather than measured. 
These patients were designated as probable cases. 

The watery diarrhea approximated 6 liters/day, and 
was present on the average, more than 3 years before a 
pancreatic tumor was diagnosed. The serum potassium 
levels averaged 2.2 mq/L during episodes of diarrhea 
and could be stabilized only after spontaneous remis- 
sion of the diarrhea, total excision of the tumor or, in 
some cases, after treatment with steroids. Absence of 
gastric hypersecretion is essential to the diagnosis of 
diarrheogenic tumor; and of the 15 proved patients, 11 
had bzsal achlorhydria, two had lower than normal acid 
values and two were in the range of normal. Five of the 
achlorhydric patients were found to be refactory to hista- 
mine stimulation; four of whom were later found to have 
unresectable metastatic tumors. Certainly the augmented 
histamine gastric analysis, must be considered a vital key 
in the diagnosis of a diarrheogenic non-beta islet cell 
tumor of the pancreas. 

Approximately 60% of these patients had elevated 
serum levels of calcium. In two patients there was re- 
current hypercalcemia even after the removal of para- 
thyroid adenomas or hyperplastic parathyroid glands. 
This was not corrected until there was either spontaneous 
cessation of the diarrhea or removal of the islet cell 
tumor. Four other patients did not undergo neck ex- 
ploration, but became normocalcemic following excision 
of the pancreatic tumor and control of the diarrhea. Simi- 
lar findings have since been reported by Patterson,?9 
Lopes ?! and Sircus.*! The pathogenesis of this phenome- 
non remains to be elucidated. Similarly, it has not been 
determined why approximately one-third of the patients 
in Kraft's series. had hyperglycemia; although he theo- 
rized that this phenomenon might be related to the un- 
controllable hypokalemia. 

The tensely dilated gallbladder, a hallmark of this syn- 
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drome, has been observed in five cases. Chemical analysis 
of the dilute bile removed from three of these, by the 
method of Potter; revealed high concentrations of bicar- 
bonate and chloride such as that which occurs follow- 
ing the injection of secretin into animals. In Kraft's series, 
15 of the patients had malignant tumors, 25% of which 
had metastasized at the time of operation. Whether be- 
nign or malignant, the adenomas were usually discrete, 
ranging in size from 1.5 to 7 cm. in diameter. Operations 
ranging in magnitude from tumor excision to total pan- 
createctomy were carried out in 14 patients. Total re- 
moval. of the primary tumor, whether it was benign or 
malignant, led to control of the diarrhea and improve- 
ment in the general condition of 11 patients. Of the pa- 
tients undergoing surgical treatment for benign tumors, 
all were alive and well and had not experienced recur- 
rent symptoms when their cases were reported. The 
average length of survival in patients with malignant 
disease was only one year. 

Verner, in 1969, published findings which closely 
paralleled these in the proceedings of an international 
symposium on islet cell tumors held in Erlangen.** Since 
that time, however, fewer than 10 proved cases have 
been collected from the literature, written communica- 
tions, and personal experience.H.16.17,21,28/2627,28,91,92. Tt 
is only by recognition of the clinical syndrome asso- 
ciated with fulminating watery diarrhea and hypoka- 
lemia that the diagnosis can be more frequently made. As 
the syndrome is more frequently recognized, it should 
be possible to obtain sufficient tumor tissue for investiga- 
tions to prove both physiologically and biochemically the 
identity of the diarrhogenic hormone, or hormones, be 
it secretin, a combination of known hormones or a 
"chemical messenger" not as yet identified. 


Conclusions 


l. The intravenous administration of a combination of 
gastrin and glucagon inhibits basal water and electrolyte 
absorption in the human jejunum. 

2. In contrast intravenous secretin produces secretion 
of water and electrolytes by the human jejunal mucosa. 

3. Alcohol-phosphoric acid extracts of two diarrheo- 
genic islet cell tumors contained only trace amounts of 
gastrin, glucagon and insulin by radioimmunoassay. 

4. The tumor extracts produced an increase in pan- 
creatic juice volume and bicarbonate concentration with 
a reciprocal decrease in total protein concentration. 
These effects are uniquely secretin-like in the canine bio- 
assay model. 

5. All patients with chronic or intermittent “watery” 
diarrheal diseases should be studied for evidence of 
hypokalemia and basal achlorhydria. Hypercalcemia and 
impaired glucose tolerance commonly accompany the 
diarrheogenic islet cell tumor syndrome. 
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6. Proof of the humoral etiology of this syndrome 
awaits the availability of sufficient tumor tissue to allow 
extraction, purification, and amino acid analysis for secre- 
tin as well as other polypeptides. 
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Discussion 


Dr. Joser E. Fiscuer (Boston): I would like to confirm the 
findings of Dr. Sanzenbacher, Dr. Zollinger, and their group. We 
recently had the opportunity last year to take care of a patient 
who, I think, fits the criteria of this category—syndrome— 
exactly. l l 

[Slide] We were fortunate enough to be able to get samples 
pre- and postoperatively, and from the tümor. Gastrin at that 
time—(the lowest level of sensitivity): was 50 picograms per ml., 
which did not change pre- and postoperatively. We did notice 
in the assay that there was a high nonspecific binding, indicat- 
ing a circulating peptide which was present preoperatively. Pros- 
taglandins were not in evidence, both pre- and postoperatively, 
and Dr. Scratcherd, of Dr. Wilfred Sircus' unit, was kind enough 
to test—this actually should be secretin-like activity—in a bio- 
assay, which was present preoperatively and' not present post- 
operatively. 5 

[Slide] The second slide shows. a tracing of the bioassay car- 
ried out by Dr. Scratcherd which indicates that at this point, 
which is C, this is an extract of the fibrosed pancreas which we 
sent to him, indicating that there is some secretin-like activity. 


Dn. R. Tompxins (Los Angeles): I liked Dr. Sanzenbacher's 
paper very much, because it confirmed a very strong prejudice 
that I have had for several years, and I would like to take the 
opportunity to make a few comments about his observations. 

First of all, I think he should be congratulated on bringing 
these studies into the human. As he has pointed out in his 
presentation, there are species differences in the action of these 
hormones. The opponents of the secretin theory have cited the 


failure to produce diarrhea in dogs with constant infusions of se- 


cretin, However, they have ignored, to a certain extent, the pro- 
duction of diarrhea which does occur in humans who are under- 
going secretin infusions for various reasons. 

Wormsley (Gastroenterology, 54:117, 1968) has observed this 
in secretin testing of pancreatic function. I had the misfortune to 
produce this in an unfortunate patient while testing her bile 


chemistries postoperatively. She had her attack of explosive, watery 
diarrhea while visiting with friends in the lobby of the hospital 
about 3 hours after the secretin injection (Surgery, 66:131, 1969). 

Furthermore, there has been some emphasis recently on the 
effects of many of the hormones and the prostaglandins upon 
cyclic AMP, the suggestion being made that cyclic AMP increase 
in the intestinal mucosa leads to diarrhea. These studies have 
involved glucagon, and glucagon has certainly been shown to in- 
crease cyclic AMP in the tissues. 

However, I want to point out that secretin has been observed 
by workers at NIH to be twice as active in the production of 
adenyl cyclase, and hence cyclic AMP levels, as glucagon in many 
of their test systems. 

I would like to ask Dr. Sanzenbacher if he would comment if 
there is evidence for other peptides in the extract of these tumors, 
and if he is accumulating enough of this tumor tissue to use for 
amino acid sequencing, which will be the final proof needed for 
the eticlogical agent. 


Dr. Lawrence W. Way (San Francisco): This interesting 
aper has firmly established at least one conclusion: Extracts 

* this tumor (and the other mentioned by Dr. Fischer) stimu- 
lated pancreatic secretion similar to that evoked by secretin. 

I would like to raise a few questions regarding methodology, 
because I still wonder whether it has been shown that secretin 
can stimulate the small bowel to secrete. First, use of the triple 
lumen tube at this level of the bowel is sometimes difficult be- 
cause cf reflux of the marker into the stomach. It may be impos- 
sible te obtain a steady state. 

Secondly, 1 would be interested in the anion concentrations of 
the jejunal secretion that was stimulated by secretin infusion in 
the human volunteers. It is interesting that fluid aspirated from 
the proximal small bowel in several patients afflicted with’ the 
diarrheogenic syndrome has had high chloride concentrations. 
The injection of secretin into the experimental subjects in this 
study would maximally stimulate the pancreas to secrete a large 
volume of bicarbonate. The physiological studies on jejunal secre- 
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tion suggest that the jejunum is incapable of secreting bicar- 
bonate; that if it secretes anything at all, it would contain chloride 
anion. 

Have the authors prepared control extracts from the pancreas 
or liver to compare with the extract from the tumor? 

Next, is the extraction technic that was used on the tumors 
gentle to secretin? Will secretin survive the extraction method? 
' Lastly, Dr. Silen requested that I ask if you have performed 
controls in which bile and pancreatic juice were perfused into the 
segment of jejunum. He has performed experiments which sug- 
gest that bile affects the absorptive capacity of the jejunal 
mucosa, and this would have to be controlled before the present 
results could be interpreted. 


Dr. Larry J. SANZENBACHER (Closing): We are very happy 
that Dr. Fischer was able to reproduce these findings indepen- 
dently, and feel that these’supportive data are very encouraging: 

I appreciate Dr. Tompkins comments emphasizing the species 
difference, which I believe was also pointed out in one of the 
papers yesterday. 

Dr. Tompkins also suggested the possibility of other peptides. 
As mentioned in the presentation, these extracts were prepared in 
the Research Laboratories of the Eli Lilly Co. by Dr. Ronald 
Chance, who has been looking for other peptides in extracts of 
normal human pancreas. Dr. Chance has identified a peptide 
which he is calling pancreatic inhibitory peptide or pancreatico- 
Pea or I am not at liberty to go into this in depth since 
he will be presenting this data at the. AGA meeting in Dallas next 
month. However, he has established a radioimmunoassay for this 
new peptide, and found that there was little or none of this pep- 
tide in the tumor extracts. 
` The extraction procedure for the pancreatico-enterogastrone is 
identical to that used for the tumor extracts, so we are confident 
that if present it would have been detected. 

While we are on the subject, Dr. Way asked if the extraction 
method was treating secretin gently enough. We obtained proxi- 
mal intestine from a dog, scraped the mucosa off, ran it through 
this same extraction procedure, and obtained a nice secretin-like 
response in our bioassay system. So we do feel that we are defi- 
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nitely extracting secretin, and that we are getting adequate yields 
of physiologically active hormone using this procedure. 

We also prepared control extracts from normal pancreas and 
liver. The pancreatic extracts contain the new peptide, and pro- 
duce a slight increase in pancreatic volume, but the characteris- 
tics of the juice are entirely different. The protein concentration 
actually increases and, the volüme production is modest. 


Dr. Way also asked about the increased pancreatic bicarbonate 
production during the secretin infusions. From the available evi- 
dence that we could accumulate from the literature, it would 
seem that an excess bicarbonate concentration in the lumen would 
actually enhance jejunal absorption. Dr. Fordtran has reported 
that the sodium absorption is essentially nil in the proximal jejunum 
in the absence of bicarbonate. In his studies, as soon as bicarbonate 
was added to the perfusion solution, there was an enhanced sodium 
absorption secondary to the very, very active transport of bicaxbo- 
nate, Bicarbonate can be absorbed against a large electrochemical- 
gradient, and this is based 'on the secretion of hydrogen ion into 
the lumen in an attempt by the human jejunum to conserve bi- 
carbonate. 

Based on these studies, we concluded that the bicarbonate ` 
concentration would not contribute to secretion, but may actually 
enhance absorption. 

We have data from unpublished studies on the effect of bile 
salts on intestinal absorption that indicate that absorption was 
only altered when the concentration exceeded 15 millimoles/liter. 
This was virtually impossible in our perfusion system, since the 
bile salts would be rapidly diluted by the perfusate which was 
entering the jejunum at 10 cc/min. At the diluted concentrations 
the bile salts would have no effect on intestinal absorption. 

We did not see any marked difference in the concentration of 
electrolytes at the various sampling sites, even when we gave se- 
cretin. P 

We recognize the problem of proximal reflux from previous 
reports. From what we were able to glean from the literature, 
once the infusion site is beyond the ligament of Treitz, this does 
not present a problem. 


Late Results of Three Operations for Chronic Duodenal Ulcer: 


Vagotomy-Gastrojejunostomy, Vagotomy-Hemigastrectomy, 


Vagotomy-Pyloroplasty 


Interim Report 


STANLEY O. HOERR, M.D., F.A.C.S.,* JOHN T. WARD, M.Ch., F.R.C.S.+ 


HIS REPORT PRESENTS an analysis of the late results 
Ts each of three operations for chronic duodenal 
ulcer: vagotomy-gastrojejunostomy, vagotomy-hemigas- 
trectomy, and vagotomy-pyloroplasty. All operations 
were performed at the Cleveland Clinic Hospital by the 
senior author (S.O.H.) in the period from January 1, 
1950, through December 1966. A minimum postopera- 
tive interval or follow-up time of 5 years is thus theo- 
retically possible for each patient in the study. — 

The three types of operation derive from a consecu- 
tive series of patients each of whom underwent an initial 
definitive operation for chronic duodenal ulcer; emer- 
gency operations are included. At the time of operation, 
in all patients there was physical evidence of a duodenal 
ulcer: an inflammatory mass in some, a visible or pal- 
pable ulcer crater in the majority, or as a minimum, the 
characteristic scarring. Pyloric or channel ulcers were 
included in the analysis, but prepyloric ulcers and so- 
called “stress ulcers” have been excluded. Vagotomy was 
truncal in all instances. Gastrojejunostomy was either 
antecolic or retrocolic in position. Pyloroplasty pro- 
cedure was the one-layer Heineke-Mikulicz or the Fin- 
ney type. Reconstruction after hemigastrectomy was the 
Billroth II gastrojejunostomy, usually antecolic, and usu- 
ally the Polya.type. We excluded certain cases from the 
study, for reasons outlined in the following section. 


Cases Excluded From the Study 
Gastric Resection Only 


This operation was performed in only 25 patients, al- 
most exclusively as an emergency procedure for massive 
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hemorrhage. The total number is too small for significant 
statistical evaluation, and hence these cases were ex- 


cluded. 


Hospital Mortality (Table 1) 


There were nine hospital deaths, including one death 
in the series of 25 gastric resections, or a series mor- 
tality rate of 1.8% including those performed as emer- 
gency procedures. The mortality rate of 3.42 for elective 
vagotomy-hemigastréctomy obviously is significantly 
greater than the rate of 0.7% for the two drainage pro- 
cedures. Operative risk, although an important factor in 
the overall evaluation of a specific operation, is not a 
concern in this report. It is to be noted that this study 
is not randomized and selection in applying an opera- 
tion was invariably employed. It is not valid therefore 
to attribute too much significance to these differences in 
hospital fatality rates. In any event, hospital fatalities are 
excluded from the study as "indeterminate," since in 
these cases there are no late results. 


Active Coexisting Disease With Gastrointestinal 
Manifestations 


Eight patients had serious coexisting diseases, such 
as regional enteritis, the symptoms of which could be 
confused with those relating to a recurrent ulcer or to 
sequelae of an operation performed for ulcer. 


Short Follow-Up Time (2 Months or Less) 


Five patients who survived the operations died of other 
causes within 2 months postoperatively, and one patient 
was lost to follow-up study after 2 months. Clearly this 
period of time was too short for appropriate evaluation. 

In none of these 21 excluded cases—hospital fatalities, 


404 


TABLE 1. 


HOERR AND WARD 


Ann. Surg. * Sept. 1972 


Definitive Operations for Duodenal Ulcer—{ January 1950 through December 1966) 


Hospital Mortality 





All Operations 


Elective Operations Emergency Operations 

















Procedure Number Deaths Per Cent Number Deaths Per Cent Number Deaths Per Cent 
Vagotomy-gastrojejunostomy 161 1 0.7% 161 1 0.7% — — — 
Vagotomy-hemigastrectomy 127 5 3.9% 118 4 3.4% 9 1 11.0% 
Vagotomy-pyloroplasty 177 2 1.2% 164 1 0.7% 13 1 8.0% 
Gastrectoniy only 25 1° 4.0% 12 0 0% 13 1 8.0% 

Total 490 9 1.8% 455 6 1.3% 35 3 8.6% 
(Av.) (Av.) (Av.) 





serious coexisting disease, or follow-up time of 2 months 
or less—was there evidence of a recurrent ulcer. 


Selection of Operation in Three “Eras” in the Study 


Although the operations never were alternated or ran- 
domized at any point, there are three identifiable “eras” 
during this 17-year period, in each era of which one of 
the three operations was favored (Table 2). Even in Era 
I, when vagotomy-gastrojejunostomy was performed in 
89% of the patients, this operation never was employed 
for active bleeding from an ulcer, since it seemed illogi- 
cal to do so and unlikely to succeed; instead, gastric 
resection was performed. Conversely, even in Era II 
( vagotomy-hemigastrectomy, 73%), and in Era III (vago- 
tomy-pyloroplasty, 75%) when an inflammatory mass or 
severe scarring seemed to increase the difficulty or risk 
of closure of the duodenal stump, or of the construction 
of a pyloroplasty, a vagotomy-gastrojejunostomy was 
used instead. 


Follow-up Study 
Method 


Since roughly two-thirds of the patients under study 
live away from the Greater Cleveland Area, the fol- 
low-up has for the most part been conducted by annual 
questionnaires. The patients then have been graded ac- 
cording to a scale ranging from A to D, based either on 
the answers in the questionnaires, or on the results of 
examinations when they were seen as office or as hos- 
pital patients. For purposes of our analysis, a rating of 


A or B is regarded as a satisfactory result, C or D as an 
unsatisfactory result. The criteria employed for each 
grade are as follows: 


À— No gastrointestinal symptoms. 

B—Minor gastrointestinal symptoms; no evidence of 
recurrent ulcer. Patient is satisfied with results 
and is pursuing usual occupation. 

C— Patient is dissatisfled with function of gastrointes- 
tinal tract. but there is no evidence of recurrent 
ulcer. 

D—Recurrent ulcer, proved or probable, whether pro- 
ducing major disability or not, or patient is dis- 
abled from other gastrointestinal symptoms. 


Duration of Follow-Up 

The maximum follow-up time of 20 years or longer 
has been possible for 28 (6.3%) patients (Table 3). 
Eighty-nine and six-tenths per cent of the patients have 
been followed-up for 5 years or longer. Of those fol- 
lowed-up for less than 5 years, 39 were followed-up until ` 
they died within 5 years postoperatively (37 died of 
causes unrelated to duodenal ulcer or treatment, and two 
after subsequent operation for recurrent ulceration). 
Only seven (2%) living patients were lost to follow-up 
study within 5 years postoperatively, and five of these 
were followed-up for 3 or 4 years. The duration of the 
study has been such that more than a quarter of the 
number of patients have died, thus rendering possible 
a final assessment of the operation insofar as it affected 
them. 


TABLE 2. Definitive Operations for Duodenal Ulcer—t January 1950 through December 1966) 
Operations Performed in Three " Eras" 


























Era I Era II Era III 

Jan. '50 to Dec. '52 Dec. '52 thru Dec. '57 Jan. '58 thru Dec. '66 

Procedure Number Per Cent Number Per Cent Number Per Cent 
Vagotomy—gastroj ejunostomy 105 89% 24 19% 26 12% 
Vagotomy—hemigastrectomy 4 . 3% 94 73% 23 10% 
Vagotomy—pyloroplasty — — 2 2% 166 75% 
Gastrectomy only 9 8% 8 695 6 3% 
Total 118 100% 128 100% 221 100% 
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TABLE 3. Definitive Operations for Duodenal Ulcer— January 1950 through December 1966 
Duration of Follow-up Study 
? Number of Patients 
Dead of Cumulative 
Living Other Cause Total Per Cent Percentage 
20 years or more 21 1 28 6.3% 6.3% 
15 through 19 years 99 16 115 25.9% 32.2% 
10 through 14 years 82 21 103 23.2% 55.4% 
5 through 9 years 107 45 152 34.2% 89.6% 
Less than 5 years 7* 391 46 10.4% 100 % 
Total 322 122+ 444 100.0% 
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* 5 patients followed up for 3 years or longer. 


1 Includes 2 patients who died after another operation for recurrent ulcer. 


Composition of the Three Groups 


Vagotomy-gastrojejunostomy was performed in 155 pa- 
tients; vagotomy-hemigastrectomy in 121 patients, and 
vagotomy-pyloroplasty in 168 patients. 


Sex and Age 


In each group there was the expected heavy pre- 
ponderance of men (Fig. 1). There also was a reason- 
ably close similarity in the ages of the patients, although 
selection is evidenced in the lower median age (48 
years) shown for vagotomy-hemigastrectomy; vagotomy- 
drainage was clearly favored for the elderly patients. 











Operative Indications 

The principal operative indications (Fig. 2) of pain 
(or intractability), hemorrhage, and obstruction, are 
each well represented in the three operations. Hemor- 
rhage has been listed as the principal indication when it 
was a significant feature in the patient's medical history. 
Vagotomy-gastrojejunostomy has been clearly preferred 
(39%) other the other two procedures for obstruction. It 
already has been noted that vagotomy-gastrojejunostomy 
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60 yrs. or more 


Fic, 1. Definitive operations for duodenal ulcer—( 1950-1968 
inclusive). 


Fic. 2. Definitive operations for duodenal ulcer (1950-1966 
inclusive)—principal indication for operation. 
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was not used in emergency or urgent operations for ac- 
tive or recent bleeding, and this is illustrated by an inci- 
dence of 21%, substantially less than the incidence of 35% 
in vagotomy-hemigastrectomy, and 32% in vagotomy- 
pyloroplasty. 

Of interest is the history of previous perforation: 11 
(7%) patients who underwent vagotomy-gastrojejunos- 
tomy, 11 (9%) patients who underwent vagotomy-hemi- 
gastrectomy, and 14 (8%) patients who underwent 
vagotomy-pyloroplasty. This similarity of percentage sug- 
gests an equivalent severity of the ulcer disease in the 
three groups. 


Results (Tables 4, 5, 6) 


' Of the 155 patients who underwent vagotomy-gas- 
trojejunostomy. (Table 4), 73$ were graded as satisfactory, 
and 8% were graded always, or currently (at the time of 
the last follow-up report) as unsatisfactory result. The 

- group of 30 patients listed as satisfactory currently, un- 
satisfactory in the past, presents an important concept 
used in this study. This is the observation that there could 
be a temporary recurrence of ulcer symptoms—or other 
disabling sequelae of the operation performed—although 
the overall end result still could be regarded as satis- 
factory. The very first patient operated upon underwent 
vagotomy-gastrojejunostomy more than 22 years ago. He 
was rated A until his eighth postoperative year, when 
for a few days he noted a recurrence of ulcer symptoms, 
and also that his stools were black. The patient did not 
enter a hospital, required no special care, and, as of last 
year, had had no further problem. There is no doubt in 
his mind that the operation has been successful; like- 
wise, there is no doubt in our minds that we must as- 
sume that he had a temporary recurrence of the ulcer. 
At the other extreme is a patient requiring gastric resec- 
tion, after vagotomy-drainage, to control symptoms of a 
recurrent ulcer. If after this second operation he remains 
free of symptoms, he is listed in this group as "currently 
satisfactory." 

Of the 155 patients in this group, in the later years of 
the study, 30 underwent vagotomy-anterior gastrojejunos- 


TaBLE 4. Definitive Operations for Duodenal Ulcer—January 1950 
through December 1966 
Long-term Results of Vagotomy-Gastrojejunostomy | 
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TABLE 5. Definitive Operations for Duodenal Ulcer—January 1950 
through December 1966 
Long-term Results of Vagotomy-Hemigastrectomy 








Patients, Number 








Result Living Dead Total Per Cent 
Satisfactory Always 66 25 91 75% 
Satisfactory Currently 

Unsatisfactory in the past 14 2 16 13% 

Unsatisfactory 

Always or currently 9 5 14 12% 
Total 89 32 121 100% 





tomy, as compared with 125 who underwent vagotomy- 
posterior gastrojejunostomy. The results in the later group 
were comparable to or better than those of the larger 
group (vagotomy-posterior gastrojejunostomy ). 

Of the 12] patients who underwent vagotomy-hemigas- 
trectomy (Table 5) 75% have been permanently relieved 
of their complaints; 12% are listed as unsatisfactory, and 
13% as satisfactory currently. Of the 168 patients who 
underwent vagotomy-pyloroplasty (Table 6) 74% have 
always been listed as satisfactory, 17% in the currently 
satisfactory group, and 9% unsatisfactory. In the later 
years of the study, the Finney pyloroplasty with vagot- 
omy was employed more frequently than the Heineke- 
Mikulicz pyloroplasty with vagotomy. Although the num- 
bers are not great, and the follow-up is short for this 
study, it appears that vagotomy with the Finney pyloro- 
plasty procedure will yield better end results than those 
of the vagotomy with the Heineke-Mikulicz pyloroplasty 
procedure (Table 7). Although there are still about 10% 
of unsatisfactory end results, the incidence of always 
satisfactory results is 83%, and the incidence of second 
operations to date is only 3.4%. 

The uniformity of the results is obvious. A continuing. 
rate of unsatisfactory results in about 10% of the patients 
after each of the procedures suggests an irreducible 
minimum of unsatisfactory results for any surgical pro- 
cedure, including that of the future, since recurrent 
ulceration as the cause for permanent dissatisfaction is 
unusual. 


TABLE 6. Definitive Operations for Duodenal Ulcer—January 1950 
through December 1966 
Long-term Results of Vagotomy-Pyloroplasty 





Patients, Number 




















Results Living Dead Total Percentage Results Living Dead Total Per Cent 
Satisfactory Always 73 40 113 73% Satifactery Always 97 27 124 74% 
Satisfactory Currenily . Satisfactory Currently 

Unsatisfactory in the past 19 11 30 19% Unsatisfactory in the past 24 4 28 17% 

Unsatisfactory Unsatisfactory 

Always or currently 8 4 12 896 Always or currently 12 4 16 9% 
Total 100 55. 155 100% Total 133 35 168 100% 
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TABLE 7. Definite Operations for Duodenal Ulcer—January 1950 
through December 1966 
Long-Term Results Related to Type of Pyloroplasty 




















Heineke-Mikulicz Finney 
Pyloroplasty Pyloroplasty 
Result Number Percent Number Percent 
Satisfactory Always 74 69% 49 83% 
Satisfactory Currently 
Unsatisfactory in the past 23 22% 4 71% 
Unsatisfactory 
Always or currently 10 9% 6 10% 
Total 107 100% 59 100% 
9 Second Opera- 2 Second Opera- 
tions—8.4% tions—3.4% 


Recurrent Ulcer and Second Operation 


The incidence of probable or proved recurrent ulcer is 
significantly lowest (3.3%) for vagotomy-hemigastrec- 
tomy (Table 8). This result corroborates the national ex- 
perience that this procedure is the most effective to date 
in controlling ulcer diathesis. The principal reason for 
performing a second operation after an unsatisfactory 
result is the presumption that a recurrent ulcer is the 
cause. Again, as expected, the incidence of a second 
operation is lowest (1.7%) for vagotomy-hemigastrec- 
tomy. It is noteworthy that recurrent ulcer was found in 
only 19 of the 26 patients who underwent second opera- 
tions. (Carcinoma of the stomach was found in two of 
the patients who had no recurrent ulcer. ) 


Time of Appearance of Recurrent Ulcer 


The time of appearance of symptoms of recurrent ulcer 
in this series of patients ranged from almost at once to a 
maximum of 16 years after freedom from symptoms. 
. Recurrent ulcer of sufficient severity to require a second 
operation manifested itself within 3 years in each of 15 
of 19 patients, although one second operation was per- 
formed 11 years later. Probable ulcers not requiring 
surgical treatment are likely to appear much later post- 
-operatively: of 27, 21 appeared after 3 years. Symptoms 
other than ulcer which produced unsatisfactory results 
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155 patients 


168 patients 


121 patients 


L] Satisfactory always 
Satisfactory currently 
NSS Unsatisfactory 


Fic. 3. Definitive operauons for duodenal ulcer 
inclusive )—Long-term results. 





(1950-1966 


were likely to appear almost immediately, and only in- 
frequently after 3 years of an apparently satisfactory 
result. 


Unsatisfactory Results and Reason for 
Definitive Operation 


Analysis of the failures and second operations as re- 
lated to the principal surgical indication yields two in- 
teresting facts (Table 9). There is a low percentage 
(1.72) of second operations in the vagotomy-gastro- 
jejunostomy group for obstruction. There is a high per- 
centage of second operations in the vagotomy-gastro- 
jejunostomy group when the principal indication has 
been hemorrage, or pain or obstruction associated with a 
history of hemorrhage (15.4%). The place of the operation 
seems secure when it is performed for obstruction, and it 
seems equally clear that it is to be avoided when there 
has been a history of hemorrhage. The incidence of un- 
satisfactory late results of vagotomy-pyloroplasty stands 
between the other two procedures in operations for 
hemorrhage. 


Comment 


Figure 3 presents for comparison the late results of the 
three operations. About 75% of the patients are per- 


TABLE 8. Definitive Operations for Duodenal Ulcer— January 1950 through December 1966 
Recurrent Ulcer and Second Operations 


Proved or Probable 


Recurrent Ulcer 


Second Operation Ulcer at Second Operation 

















All Cases 
Procedure Number Number Percent Number Percent Number Percent 
Vagotomy-gastrojejunostomy 155 21 13.5% 13 8.4% 9 5.8% 
Vagotomy-hemigastrectomy 121 4 3.3% 2 1.7% 1 0.8% 
Vagotomy-pyloroplasty 168 20 11.9% 11* 6.5% 9 5.4% 
Total 444 45 10.2% 26 5.9% 19 4.3% 
(Av.) (Av.) (Av.) 





* Two operations for carcinoma of the stomach. 
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TABLE 9. Definitive Operations for Duodenal Ulcer—January 1950 through December 1966 

Relationship of Primary Indication for Operation to Recurrent Ulcer and Second Operation 

Pain Hemorrhage Obstruction 
Recurrent Second Recurrent Second Recurrent Second 
Procedure Ulcer Operation Ulcer Operation Ulcer Operation 

Vagotomy-gastrojejunostomy 8.0% 4.0% 28.2% 15.4% 10.0% 1.7% 
Vagotomy-hemigastrectomy 6.5% 0% 2.2% 2.2% 0.0% 0.0% 
Vagotomy-pyloroplasty 8.7% 5.8% 15.4% 6.2% 14.8% 3.7% 


manently free of symptoms after each of the three opera- 
tions, and about 10% will never be happy from the stand- 
point of gastrointestinal function, even though recurrent 
ulceration has been eliminated. Vagotomy- gastrojejunos- 
tomy has a satisfactory record when it is performed pri- 
marily for obstruction. Vagotomy-pyloroplasty has a 
much better record in patients who are either bleeding 
or who have a history of hemorrhage, than that of 
vagotomy-gastrojejunostomy. Vagotomy with the Finney 
pyloroplasty appears to have a better record than the 
vagotomy with the Heineke-Mikulicz pyloroplasty. Vago- 
tomy-hemigastrectomy (or today, vagotomy-antrectomy ) 
has the lowest incidence of recurrent ulcer and of second 
operations. It is possible that further modifications of 
vagotomy-drainage technics will further improve re- 
sults, for example, selective vagotomy and the Jaboulay 
side-to-side gastroduodenostomy. We personally favor 
vagotomy-drainage as the initial operation best suited 
for most patients, and consider as acceptable a 10 to 15% 
rate of recurrent ulceration and a 5 to 10% frequency of 
second operations. The need for further operation usually 
will become evident postoperatively within the first 3 
years. In a minority of patients, for reasons based on the 
judgment of the surgeon, vagotomy-antzectomy may still 
be the wisest initial operation, e.g., in certain patients 
underging emergency operation for massive hemorrhage. 


Summary 


1. Each patient studied underwent one of three initial 
definitive operations for chronic duodenal ulcer, per- 
formed by the senior author (S.O.H.) in the 17-year 
period of January 1, 1950, through December 1966. 
Vagotomy-gastrojejunostomy was performed in 155 pa- 
tients, vagotomy-hemigastrectomy in 12] patients, and 
vagotomy-pyloroplasty in 168 patients. 


2. Eighty-nine and six-tenths per cent of the patients 
were followed-up, mostly by annual questionnaires, from 
5 to 22 years, and only 2% were lost to follow-up study 5 
years 2ostoperatively. One hundred twenty-two patients 
have died, nearly all of causes not related to chronic 
duodenal ulcer or its treatment. 

3. Approximately 75% of the patients in each group 
have had no further gastrointestinal problem, while ap- 
proximately 10% in each group are classed as an unsatis- 
factory result. 

4. The frequency of recurrent ulcer, probable or 
proved, has occurred least in the vagotomy-hemigastrec- 


.tomy group (3.32), and also the need for a second 


operation (1.7%). In the vagotomy-gastrojejunostomy 
group, there was a 13.5% frequency of probable or proved 
recurrent ulcers and an 8.4% frequency of second opera- 
tions, In the vagotomy-pyloroplasty group there was an 
11.9% frequency of probable or proved recurrent ulcers, 
and a 6.5% frequency of second operations. 

5. Vagotomy-gastrojejunostomy proved to be satisfac- 
tory when the primary indication was obstruction, result- 
ing in only 1.7% frequency of second operations. The 
results were poor when hemorrhage was the primary indi- 
cation, 15.4% of patients requiring a second operation. 

6. The &uthors favor vagotomy-drainage as an initial 
definitive operation, accepting a significant incidence of 
recurrent ulcer and second operation, noting that the 
final results will be about the same as those for vagotomy- 
hemigastrectomy (or vagotomy-antrectomy). Vagotomy 
with the Finney pyloroplasty seems to produce better 
results than vagotomy with the Heineke-Mikulicz pyloro- 
plasty. 

7. Vagotomy-antrectomy will still be considered the 
optimal treatment in selected instances, as for example 
in some patients who are actively bleeding. 





Discussion 


Dr. Wittiam H. ReMine (Rochester): We have just recently 
reviewed this entire problem at our institution, including a period 
of time from 1955 to 1965, so that we have a 7- to 17-year follow- 
up. During this time there were 1648 surgical procedures per- 
formed for duodenal ulcer. Among those there were 265 vagot- 
omies and pyloroplasties, 215 with vagotomy and antrectomy, 227 
with vagotomy and gastroenterostomy, and there were 22 vagot- 
omies with duodenostomy or anastomosis using the Finney type 


or the Jaboulay. The Jaboulay, I would say, is preferential at this 
particular time in our experience. 

The long-term results can be summarized thusly. One hundred 
and thirty-eight of the patients were found to have dumping; 83 
had diarrhea—these were the ones with vagotomy and some other 
type of procedure—83 with diarrhea; 27 with weight loss; and 48 
with recurrent ulceration. 

The mortality rate in our findings were very similar to those of 
Dr. Hoerr's, and it is very gratifying to find that our results are 
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the same. There was less than 1% operative mortality with vagot- 
omy and pyloroplasty; there was around 1% with vagotomy and 
antrectomy; less than 1% with vagotomy and gastroenterostomy; 
and no losses with vagotomy and duodenostomy. Of course, this 
latter was a very small group (only 22). 

The over-all operative mortality was 2.6%, when we include 
the emergency procedures along with the elective procedures. Of 
the operations, 1353 were elective procedures. 

The long-term results, are the most significant findings. From 
a functional point of view, the operations produced almost es- 
sentially the same results, but from the standpoint of recurrence, 
I think, the differences were significant. In our experience, there 
was a 2% incidence of recurrence with vagotomy and antrectomy, 
and five times as great with vagotomy and pyloroplasty—10%. I 
think this is the significant point of the entire study. 


Dr. Jonn GoricHer (Leeds, England): Having greatly enjoyed 
many of Dr. Hoerr’s papers in the past, and especially admired 
the broad streak of common sense that has characterized most of 
them, I had particular pleasure in listening to him speak this 
morning. 

I can say that I am in broad general agreement with most of 
what he has said, and 1 fear that for this very same reason his 
paper may incur the sort of criticism that was leveled at the re- 
p Goligher et al: Brit. Med. J., 2:781, 1966) of our similar 

ut very carefully controlled comparison in Leeds and York of 
different operations for the treatment of duodenal ulcer some 
years ago—namely, that it sounds almost like a political manifesto, 
designed to, please all parties. For it has been shown that each 
operation has its particular advantages and disadvantages, and, 
depending on what weight you attach to these respective pros 
and cons, you can total up the score to show that all operations 
are equal or that one operation is better than others. Each surgical 
faction can claim that this study simply confirms what it has been 
practicing and preaching for very many years. 
` Perhaps, indeed, it is futile to try and discover the perfect op- 
eration, suitable for all cases of duodenal ulceration, and instead 
we should select certain cases for more radical surgery, including 
an element of resection. But bow do you select cases for this 
preferential surgical management? 

"That is a very big question, and all I would like to say today is 
that, as well as selecting patients for antrectomy, presumably by 
gastric secretory studies, it is equally important —perhaps more 
so—to select the patients that are unsuitable for antrectomy. By 
that I mean the patients with deeply penetrating posterior wall 
ulcers, which are likely to give rise to technical difficulties and 
dangers if resected, For whatever dispute there may be about the 
merits of the different operations for fodenal ulcer, I think there 
is general agreement that the most disastrous consequence is the 
death of the patient. 

The alternative to selective surgery is, of course, to choose 
what is considered to be the simplest and the safest operation, 
and to apply this routinely, accepting that there will be a certain 
number of patients who will get bad results, and hoping to sal- 
vage these patients by subsequent operation, This is, in fact, what 
most surgeons do, and this is what we in Leeds have done, since 
the Leeds-York trial closed for admission of new cases in 1963, 
and the operation that we have chosen routinely has been truncal 
vagotomy and pyloroplasty. But I must say that, like Dr. ReMine, 
we have been very depressed with the results of this operation 
(Goligher et al. Brit. Med. J., 1:7-13, 1972), and so in the last 
3 years we have actually gone in for even more minimal opera- 
tion, [slide] and have adopted the cperation of highly selective 
vagotomy. : i 

The principle of this operation is that it deprives the upper two 
thirds of the stomach—the parietal cell mass—of its vagal innerva- 
tion, but retains the vagal supply to the antrum and the pyloric 
sphincter via the nerves'of Latnerjet; and this has the advantage 
that it maintains normal emptying of the stomach, so that it is 
not necessary to do a drainage operation. So, in other words, the 


. dogma of Dragstedt, that a drainage procedure is necessary if you 
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do vagotomy, has been shown to be incorrect if you use a highly 
selective technic. 

Many surgeons would express grave misgiving about leaving an 
innervated antrum like this, and will wonder what the long-term 
effect will be. All I can say is that our acid studies have shown 
that there is as much reduction of acid after this operation as 
there is after truncal vagotomy and pyloroplasty. Stimulation of 
the antrum with meat extracts does not Sie a any higher levels 
of acid secretion after highly selective vagotomy without drainage 
than after truncal vagotomy and pyloroplasty. 

We have done 120 highly selective vagotomies now without 
drainage, and have never had to go back to establish drainage 
subsequently. These have all been done in the last 3 years, so 
obviously I cannot give you any long-term assessment of this 
operation. All I can say is that the results to date have been most 
encouraging with no proven recurrences, vitually no diarrhea 
and a good functional state. 

I would not suggest that this is an operation for general adop- 
tion at this stage, and if any of you feel tempted to try it, I would 
like to warn you that it is technically a somewhat difficult maneu- 
ver. It is rather finicky going up along the lesser curve, and I can 
seldom do these operations in less than 2 hours, whereas an ordi- 
nary vagotomy and pyloroplasty would, of course, take only half 
an hour or so. : i 


Dr. R. Cameron Haunison (Vancouver); When I heard in 
Scandinavia and Leeds that this procedure was to be'employed, 
I thought, on theoretical grounds, that it would be a failure. When 
I returned a year ago Dr. lain Cleator in the department em- 
ployed the procedure in 40 dogs, 20 of each of highly selective 
and selective vagotomy, assessing the incidence of experimental 
ulceration, using an ileal insert technic that has been employed in 
many such situations, I am pleased and surprised to report that 
the incidence of ulceration was essentially the same in the two 
groups, those that had had parietal cell mass, or highly selective 
vagotomy, and those that had had selective vagotomy. _ 


Dr. Jonn Rosmson Brooxs (Boston): Dr. Hoerr's paper is an 
important one, and I commend him for it. All of us are searching 
for the proper operation for duodenal ulcer, and now he has pre- 
sented us with a nice comparison of three different procedures, all 
performed by him in one institution, and then studied for a sig- 
nificant number of years. 

The heart of the problem, as I see it, lies in testing a duodenal 
alcer operation for its effect on the triad of mortality, of morbidity 
after operation, and on the rate of ulcer recurrence. In our hands, 
we believe at the moment that the balance of this triad is in favor 
of simple truncal vagotomy and pyloroplasty. 

[Slide] We are currently in the process of evaluating this group 
of patients. You can see that we have 312 vagotomies in the period 
1961-71. These were truncal vagotomies with pyloroplasty. The 
total for duodenal ulcer was 250; the rest were done in combina- 
tion with a hiatus hernia repair and other odd assortment of cases. 
For duodenal ulcer, prior to 1970, we performed 210, These were 
for intractability, 62; for obstruction, 44; for past perforation, 3; 
for acute perforation, 5; for pain and recurrent bleeding, 39; and 
then for massive bleeding, an emergency procedure, 57. 

The mortality for the elective group was 19; the mortality for 
the massive bleeding group was 13%—to be compared with our 
previous subtotal gastrectomy. group of bleeders of 21%. 

We have interviewed 136 of 195 patients giving us approxi- 
mately a 70% follow-up. A number of them have had x-rays, both 
those that have had symptoms and those without symptoms. 

There were seven proven recurrent ulcers found in the 136 
patients interviewed to this date giving a recurrence rate of 5%, 
Of those, four have required reoperation. The other three are 
much similar to the group that Dr. Hoerr described. They are now 
well, having gone through a short interval of time with probahle 
evidence of recurrent ulcer disease. : 

So, for the massive bleeder and for the usual duodenal ulcer 
truneal vagotomy and pyloroplasty has given us a good mortality 
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record, a very good morbidity record, and a very acceptable re- 
currence rate. 


Dr. Jack M. Farris (Los Angeles): Approximately 20 years 
ago at the New Shamrock Hotel in Houston, Texas, Dr. Hoerr 
presented his results with Era 1 in the treatment of duodenal ul- 
cer before the Society of University Surgeons. He suggested at 
that time that this relatively new operation of vagotomy might 
have some modest place in the xepertoire of surgeons for treatment 
of duodenal ulcer. 

In my discussion of his paper, I indicated first of all a bit of 
wonderment that his title was included upon the program be- 
cause the Program Committee had obviously gone off the deep 
end. They were preoccupied with some fly-by-night new surgeons 
who were interested in vascular diseases and. much of the discus- 
sion was concerned with the best way of replacing the abdominal 
aorta. i . D 

I suggested then, at that time, that after these matters were 
settled, I thought that meetings such as this would be perpetuated 
ad infinitum by discussions of duodenalulcer. : 

I had the opportunity of reviewing Dr. Hoerrs manuscript in 
some detail and I was impressed by the enormous work that one 
man has done. I dare say there are very few people, living or dead, 
who have done in excess of 500 operations Ee duodenal ulcer. 

Also, knowing Dr. Hoerr as I do, I vouch for his honesty and 
his forthrightness. As you know, one of the great pitfalls in re- 
search—in clinical research—is self-deceptión by adventitious 
reasoning in the analysis or evaluation of your clinical data. 

My experience parallels Dr. Hoerr’s, although I graduated from 
Era 1 and Era 2 into Era 3 considerably more rapidly. Our op- 
eration of choice, after a fair experience with all of these pro- 
cedures, continues to be truncal — having discarded se- 
lective vagotomy, and a new pyloroplasty which we designed. This 
was a gastroduodenostomy, a odilication of the Finney, which I 
subsequently found had been described in 1905 by Dr. Jaboulay. 
An excellent description of this procedure appears in Dr. John 
Maden’s Atlas, which might be of interest to some of you who are 
not familiar with the Jaboulay. : 

We think that most failures are due to poorly emptying pyloro- 
plasty. If you have a stomach that does not empty, you are in 
trouble—and so is the patient! 

We think that incomplete vagotomy is rarely the cause of 
ulceration in the hands of skilled individuals doing this operation. 

I will summarize by saying that I think most of us are gradually 
reaching a focus of agreement. There seems to be little difference 
of opinion now that there is nó perfect procedure for duodenal 
operation.. We all feel that vagotomy is essential, and the only area 
in which there persists some bit of disagreement is what one does 
along with the vagotomy. I do not consider this to be of too much 
importance, as long as an operation is done which provides maxi- 
mum safety to the patient and gives consistently good results. 

‘Increasing experience and Tla sophistication in the field of 
gastrointestinal surgery leads to a mellow tolerance of your col- 
leagues? whimsical ideas of what is the best operation for a 
duodenal ulcer, even though these ideas may conflict with your 
own. 


Dn. J. Lynwoop HrnRINGTON, Jr. (Nashville): Dr. Hoerr has 
shown us that if we temporarily exclude recurrent ulceration and 
mortality from discussion, then the overall satisfactory results with 
the three operative procedures for ulcer are approximately equal. 
I find it very difficult to currently accept a 10—159 rate of recur- 
rent ulceration with truncal vagotomy and pyloroplasty. According 
to my judgment this is a bad score. Some of us have become too 
complacent and are simply willing to accept a high recurrence rate 
with vagotomy-pyloroplasty and to praise ourselves for our ac- 
ceptable: results with the remainder of the patients. In my ex- 
perience approximately one half or more of recurrent ulcers 
following vagotomy and pyloroplasty will necessitate additional 
operation and when reoperation becomes necessary in an emer- 
gency situation, as massive bleeding or perforation, then the 
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mortality anc morbidity is indeed high. One cannot escape the 
fact that the mortality in these patients is directly related to the 
original operation. 

Vagotomy with antrectomy has been criticized particularly 
during the 1950's and early 1960's as being a procedure of too 
great a magnitude in average hands resulting in increased mortality 
when compared with vagotomy-pyloroplasty. I do not take this 
viewpoint and I think that today this operation can be safely car- 
ried out in the vast majority of patients as has been brought out 
in our experience and that of others. When case selection is wisely 
employed, and vagotomy-pyloroplasty is reserved for the poor 
risk patients and those with severe duodenal pathologic changes, 
then the mortality of vagotomy-antrectomy differs very. little from 
that of vagotomy-pyloroplasty. During the past 25 years, our 
overall mortality with vagotomy-antrectomy in over 3,000 patients 
is 1.7% and’ when done on an elective basis it is 1.0%. The group 
at the McGuire V.A. Hospital in Richmond have recently reported 
almost equal results. 

It'is of interest to me in Dr. Hoerr's series, that during the third 
era from 1958-1966 he performed only 23 yagotomies and antrec- 
tomies, while at the same time he performed vagotomy-pyloroplasty 
on 166 patients. I cannot help but feel that he was somewhat 
biased ir his selection for the lesser operation. I believe had he 
performed more resections with his added experience, the mor- 
tality woald have dropped appreciably and there would have been 
less need for resultant secondary operations. Keeping case selection 
in mind, it appears to me that currently the real issue is not the 
operative mortality among the three procedures. There is no 
doubt ‘but vagotomy with resection is the superior operation and 
offers more protection: against recurrent ulceration. In our ex- 
perience significant postoperative weight losses and significant 
dumping problems are approximately equal ‘with the three opera- 
tions and averages about 10%. Í 

Therefore, in contrast to Dr. Hoerr, I prefer vagotomy with a 
low resection for most patients, and reserve vagotomy with. drain- 
age for poor risk patients and when difficult technical problems 
are encountered. Also, the latter operation has merit when operat- 
ing upon the slender, malnourished person who has low or slightly 
elevated acid levels. To me this approach is the crux of the 
problem to lessen mortality and to improve long-term results. 


Dr. H. WirriAM Scorr, Jr. (Nashville): Last year at this meet- 
ing Dr. John Sawyers presented a report of the early results of a 
prospective, statistically randomized study which he and I are 
making of patients with chronic duodenal ulcer disease who were 
operated on electively, using selective gastric vagotomy and either 
antrectomy or pyloroplasty. 

In a previous study which had compared selective and truncal 
vagotomy, we had determined that the technic of selective gastric 
vagotomy achieved more accurate: vagal denervation of the 
stomach in our hands than did the method of truncal vagotomy 
which we usec. The Hollander insulin tests 6 months or more after 
operation were positive in 19% of patients with truncal vagotomy 
and in 2% with the selective procedure. — 

[Slide] The plan of the study is indicated here, Each patient 
had “old-fashioned” selective vagotomy, not the highly selective 
procedure which Dr. Goligher referred to, and random cards 
were pulled at the time of operation, if there were no contraindica- 
tions to so doing, and the patient had either an antrectomy or a 
pyloroplasty. 

[Slide] Here are the details of the study plan. Each patient in 
the group had an elective operation. Selective gastric vagotomy 
was used for each patient. The patients were randomized into 
either antrectamy with a B-I or a B-II reconstruction, or pyloro- 
plasty with a Finney or the Jaboulay procedure. Clinical evalua- 
tion was carried out at least every 6 months with regularity with 
gi. fluoroscopies and x-ray studies, Hollander insulin tests, and 
interviews by the gastroenterologists. 

Last year Dr. Sawyers reported that our studies showed no 
statistical difference in the results in the two groups. Now we 
have follcw-up studies up to 5 years in 104 patients treated by 
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selective gastric vagotomy, 53 with antrectomy and 51 with 
pyloroplasty: There have been+no deaths in this study. 

Three patients of the 104 have early rise positive Hollander in- 
sulin tests, and two of these; each with accompanying antrectomy, 
have developed recurrent ulcers. No recurrent ulcers have de- 
veloped in the 51 patients with selective gastric vagotomy and 
pyloroplasty. . : 

The incidence of dumping and diarrhea is small, and shows no 
difference in the two groups. 

We wish to have at least a hundred patients m each category 
before final evaluation of the study. I 

Our study currently emphasizes the fundamental importance of 
accurate A denervation of tlie stomach in the surgical treat- 
ment of duodenal ulcer. . 

I would like to ask Dr. Hoerr if his data are at variance with 
this viewpoint. 


PaesmENT Moore: I remember 30 years ago when I first at- 
tended a meeting of this Association as a very, very junior guest. 
There was a symposium at that time on subtotal gastrectomy, how 
to do it, different ways of doing it, great enthusiasm just be- 
ginning, the full flower of that procedure and its application. There 
was almost no mention of what later turned out to be the most 
serious complication of that operation, short of mortality; namely, 
long-term, severe, crippling, life-endarigering weight loss., 

Now I am disturbed, because I have not heard much discussion 
today about the very rare patient who has continued, severe, 
intractible diarrhea after vagotomy, and I wonder if we could 
ask Dr. Hoerr to include that in his closing remarks. 


Dr. Stantey O. Hoxnmn (Closing): As an historical note, in 
1945 I went from the Brigham Hospital to the MGH, which is 
really further than from the North Pole to the South Pole, to watch 
Dr. Moore do a transthoracic vagotomy, which he was developing 
there quite independently from Dr. Dragstedt. I found out how to 
do it, I thought, went back to the Brigham, did a transthoracic 
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vagotomy, and a few months later Dr. Dunphy did a gastric 
resection on the patient because the stomach, never emptied 
properly. 

We are all aware of the interesting experiment that is going on 
in England with the “highly selective” vagotomy, and we will be 
very interested in whether they can avoid the 10% consistently 
unhappy Jano which I seem to run into, no matter what opera- 
tion I perform and which I regard as a sort of universal constant. 

Í like to refer to a short communication which I remember as 
being sent by Sir Heanage Ogilvie, roughly 25 years ago to the 
American Medical Association Journal— describing an interestin 
experiment that had been done in his hospital The duoden 
ulcer questionnaire was sent to all patients who had been treated 
for fracture; when the replies came back, about 20$ would have 
been regarded as very poor results of duodenal ulcer surgery if 
they had. had it done. 

I think we should look to our biochemically oriented young 
surgeons for the final solution to this problem. We all wish to 
know which patients are going to be failures of the conservative 
operation so that we can do a vagotomy-antrectomy as the initial 
procedure. That ought to satisfy Dr. Herrington. I cannot disagree 
with his credo that vagotomy-antrectomy is a very good operation 
for duodenal ulcer, but tempermentally I do not like to do an 
operation which is more extensive than required in 95% of the 
patients. It is more of an operation than they need. In Dr. Herring- 
ton’s skillful hands, the operation may be as safe as vagotomy and 
pyloroplasty, but I know that for myself after all these years, I 
would probably Jose an occasional patient that I would not other- 
wise if I persisted in doing a vagotomy and antréctomy. 1 am com- 
mitted to selection of what I believe is the best operation for a 
specific patient, 

So, Mr. President, I trust that this problem will finally be re- 
solved. I cannot answer the question about diarrhea today, except 
that it has not loomed large. An occasional patient may develop 
incapacitating diarrhea—but has not really es a large factor 
in my experience. One of the worst instances I encountered fol- 
lowed a gastric resection without a vagotomy. 


Abnormal Aspirin Metabolism in Patients with Cirrhosis and 
Its Possible Relationship to Bleeding in Cirrhotics 


T IS GENERALLY ACCEPTED that aspirin (ASA) inges- 
I tion may be complicated by overt upper gastro- 
intestinal bleeding from superficial gastric erosions. Of 
the many pharmacologic effects of ASA, at least two 
probably play a major role in the production of ASA- 
induced erosive gastritis, First, ASA causes a necrosis 


of the superficial. epithelial cells of the gastric mucosa, 


necrosis which results in the premature exfoliation of 
these célls and the production of defects in the cellular 
comporient of the gastric mucosal barrier.S?? It should 
be pointed out that the drug exerts this influence on the 
gastric epithelium whether it is given orally or paren- 
terally. This epithelial damage may be responsible for 
an increased mucosal permeability to hydrogen ion? 
Altered production of epithelial mucus may also play a 
role in these disturbances of the gastric mucosal barrier. 
Second, it lias been found?" that ASA prolongs the 
bleeding tirne. Recent studies have shown that it blocks 
the release of platelet ADP and inhibits the secondary 
phase of platelet aggregation.!952925 Presumably this 
inhibition of platelet aggregation is responsible for the 
prolongatioti in bleeding time. 

One of the questions raised by the phenonienon of 
ASA-induced gastric mucosal injury is its relative rarity 
by contrast with the universal consumption of the drug. 
This has süggested that only certain individuals are sus- 
ceptible to this complication or that certain circum- 
stances, such as the prior abuse of alcohol, favor its de- 
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velopment, i.e., before ASA can pull the trigger, the gun 
must be loaded. An investigation into these circum- 
stances, probably multiple, forms the basis for this re- 
port. E 

In the past, pharmacologic studies of “salicylates” 
failed to distinguish the effects of ASA from those of its 
major metabolic product, salicylic acid (SA). It is now 
clear that ASA rather than SA is responsible for gastric 
mucosal injury following the administration of ASA? 
The inhibition of platelet aggregation observed following 
the administration of ASA to experimental animals is due 
to ASA and not to SA! This information suggests that 
investigations into the circumstances predisposing to 
ASA-induced gastric bleeding should include studies of 
the in vivo metabolism of ASA and of any circumstances 
altering this metabolism. In vivo, ASA undergoes hydro- 
lysis to SA and acetic acid under the influence of an en- 
zyme system (acetylsalicylic acid-acyl-hydrolase; trivial 
name: aspirin-esterase) present priniarily in serum, in 
the liver and in the kidney (Fig. 1). Although the ex- 
istence of this enzyme system has been appreciated for 
some time,?* it has been investigated only superficially. 
In particular, the influence of experimental hepatic in- 
jury and human hepatic disease on ASA metabolism has 
not been formally investigated although it has long been 
suspected that the liver is the primary source of this 
enzyme. 

The purpose of this study was to determine the role 
of the liver in relation to circulating serum ASA-esterase, 
to determine the changes in the kinetics of aspirin me- 
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ASPIRIN — ESTERASE 


coo 
+ CH3COO- 


coo 


T 


O COCH3 OH 


ACETYLSALICYLIC Ac. SALICYLIC Ac. 
Fic, 1. Reaction catalyzed by ASA-esterase. 


tabolism following partial hepatectomy and to find out if 
the ability to metabolize ASA might be altered in pa- 


tients with chronic liver disease. 


Materials and Methods 


ASA was purchased from Merck and kept in a desic- 
cator. Ethylene Dichloride (EDC) was obtained from 
Fisher Scientific Co. Other reagents used were analytical 
reagent grade. Male albino rats were obtained in lots uni- 
form in weight from the Holtzman Co. Experiments were 
designed to use rats from the same lot for control and test 
experiments. 

The human investigations were conducted in 104 Cau- 
casian hospital employees who served as controls. Habi- 
tual users of ASA were not included in the study. There 
were 50 men (average age, 30) and 54 women (average 
age, 27). Control data from these subjects were com- 
pared with values from 22 patients with biopsy-proven 
portal cirrhosis. Sixteen of the patients were men (aver- 
age age, 92) and six women (average age, 50). 

Experiments were designed to answer the following 
questions: 


l. Distribution of ASA-esterase activity in tissues of the 
rat? 

Ten male rats weighing an average of 225 Gm. were 
rapidly killed by exsanguination under ether anesthesia. 
After washing the vascular bed with several volumes of 
ice-cold saline, the liver, lungs, kidneys, spleen and 
gastric glandular mucosal scrapings were taken and 
weighed. All further manipulations were done in the 
cold. 

Serum was obtained by centrifugation of blood at 
room temperature. ASA-esterase activity in the serum 
was assayed by incubating 0.5 ml. of serum with 0.4 ml. 
of a 15 mM solution of ASA and 2.1 ml. of 0.06 M Tris- 
HCI buffer (pH, 7.0) in a shaking water bath for 50 
min. at 25? C. The reaction was terminated by the ad- 
dition of 0.3 ml. of 6N HCl. The released SA was meas- 
ured by a modification of the method of Brodie? Ap- 
propriate blanks without serum were included with each 
incubation. The assays were carried out under condi- 
tions of zero-order kinetics and the amount of substrate 
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hydrolyzed never exceeded 15%. Under routine condi- 
tions the coefficient of variation of the assay method was 
0.92%. Enzyme activity was expressed as pg of SA re- 
leased per 60 min. per ml. of serum. 

Suspensions of minced tissues in cold 0.15 M NaCl 
were prepared by homogenization in a Thomas homogen- 
izer. The homogenates were then sonified (2 x 3 min. 
bursts at an output of 130 watts) in an ice-salt bath. The 
supernatant obtained by centrifugation of the homogen- 
ate at 30,000 x g at 4? C for 30 min. was stored at 4? C 
for subsequent estimation of protein concentration 
(Lowry) and assay for ASA-esterase activity. The latter 
was determined as in the method for serum with ap- 
propriate dilutions and incubation time to respect con- 
ditions of zero-order kinetics. Results were expressed as 
ug of SA released per 60 min. per mg. of protein. 

2. Influence of partial hepatectomy on serum ASA- 
esterase activity in the rat? 

A 70% hepatectomy was performed according to Hig- 
gins and Anderson? under ether anesthesia in rats 
weighing from 200 to 220 Gm. An equal number of rats 
underwent laparotomy and manipulation of the liver. 
The duration of laparotomy (1.5-2.5 min.) was the same 
in both groups. Six animals from each of the two groups 
were killed at 24, 48, 72, 96 and 168 hours after the 
laparotomy. Six non-operated rats were killed 72 hours 
after the beginning of the experiment. ASA-esterase ac- 
tivity in the serum collected from the rats was assayed 
as described above. 

3. Influence of partial hepatectomy on the in vivo dis- 
posal in rats of an LV. or oral dose of ASA? 

Rats weighing from 220 to 250 Gm. were assigned 
randomly to three groups: partial (702) hepatectomy, 
sham operation and non-operated controls. Twenty-four 
hours post-laparotomy the rats received an IV (tail vein) 
injection of ASA (48 mg./kg.). Twelve rats from each 
group were rapidly exsanguinated under ether anesthesia 
at intervals of 5, 10, 15 and 20 minutes after the injection. 
Free salicylate (SA) and ASA blood levels were esti- 
mated by the method of Cotty? on duplicate 3 ml. 
aliquots of blood collected from each rat. 

Sixteen rats weighing from 220 to 250 Gm. were used 
to investigate the influence of hepatectomy on the metab- 
olism of ASA given orally. Under conditions identical to 
those described above, eight rats underwent a 70% hepa- 
tectomy; the others were subjected to a sham operation. 
Twenty-four hours later, under light anesthesia with 
Brevital*, 0.6 ml. of blood were removed from each rat 
via the vena cava at 5, 10, 15 and 20 min. after the intra- 
gastric administration of 8 mg./Kg. of ASA. SA and ASA 
blood levels in each individual sample were estimated by 
a gas chromatographic method**. 





? Lilly 
** To be published. 
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4. Influence of chronic liver disease on.the ability of 
human serum to hydrolyze ASA in vitroP 

Blood collected from 104 control subjects free of disease 
and from 22 patients with biopsy-proven portal cirrhosis 
was subjected to assay for serum ASA-esterase activity 
with the method described above. 

Wherever appropriate, the significance of differences 
between means was determined by Student's t-test. 


Results 


1, Distribution of ASA-activity in tissues of the rat. The 
data are summarized in Figure 2. It can be seen that ASA- 
esterase activity in tissues was highest in the kidney 
and the liver. Enzyme activity in lung, spleen and gastric 
mucosa were very low. Enzyme activity was also assayed 
in the intestine and in data not reported herein was found 
to be similar to that of the stomach. The hydrolytic activ- 
ity of rat serum was high and comparison of Figures 2 and 
6 show that the average activity in male rats was similar 
to that of men although in human subjects the variation 
in activity from one subject to another was much greater. 

2. Influence of hepatectomy on serum ASA-esterase 
activity in the rat. 

The data are summarized in Figure 3. Following hepa- 
tectomy the hydrolytic activity of rat serum slowly 
diminished to its lowest level 48 hours post-hepatectomy 
following which it gradually increased. By the seventh 
post-hepatectomy day serum ASA-esterase activity was 
still lower than in nonoperated controls. An interesting 
finding was a parallel but significantly smaller (p < 0.01 
at all time intervals except 168 hr.) fall in esterase activ- 
ity in animals subjected to a sham hepatectomy. This fall 
in enzyme activity, related to stress or anesthesia or both, 
began 48 hours post-hepatectomy and recovered very 
slowly. 

The hematocrit remained normal in hepatectomized 
animals. None of the latter developed hyperbilirubinemia. 

3. Influence of partial hepatectomy on the in vivo 
disposal in rats of an IV or oral dose of ASA. 

The data are summarized in Figures 4 and 5. In rats 
given 48 mg./Kg. of ASA intravenously 24 hours after 
hepatectomy, the decay in blood levels of ASA was 

significantly less at 5 and 10 minutes after the injection 
than in the sham operated animals (Fig. 4). 

Because absolute blood levels of ASA and SA after oral 
administration are markedly influenced by individual 
rates of absorption, the data from the experiments on 
the influence of hepatectomy on the metabolism of orally 

administered ASA were expressed as the percentage of 
total circulating salicylate present in the unhydrolyzed 
state. It can be seen from Figure 5 that at 10, 15 and 20 
min. after an oral dose of ASA the percentage of circulat- 
ing salicylate in the form of unhydrolyzed acetyl-ester 
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LEVELS OF ASA- ESTERASE ACTIVITY IN THE RAT 
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Fic. 2. Distribution of ASA-esterase activity in rat serum and 
tissues. Note that hydrolytic activity in serum and tissues is ex- 
pressed as ug of SA released from the substrate per ml. of serum 
or per mg. of tissue protein. The average enzyme activity in the 
serum of these young male rats is similar to that present in the 
serum of young men. 


was significantly greater in the hepatectomized rats than 
in the sham operated controls. It should be pointed out 
that because SA is bound to serum proteins it tends to re- 


INFLUENCE OF HEPATECTOMY(70%) ON SERUM 
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Frc.-3. Changes in ASA-esterase activity following 70% hepatect- 
omy and sham operation. J% cc 
fidence limits for values measured in unoperated controls. Each 
point represents the mean value from 6 rats. The mean levels 
measured in the test rats were significantly different from those of 
unoperated control rates (p « 0.01 at all time intervals). Mean 
values in hepatectomized rats were significantly different from 
those measured in sham-operated animals (p < 0.01 at all time 
intervals except at 168 hr.). 


represents the 95% con-- 
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Fic. 4. ASA blood levels following intravenous administration of 
ASA (48 mg./Kg.) to partially hepatectomized e e and 
sham operated o- - -o rats. Each point represents the mean value 
from 12 rats. The mean values at 5 and 10 minutes post-injection 
were significantly different (p « 0.001 and p < 0.01 respec- 
tively). 





main in the vascular compartment whereas ASA is far 
more diffusible. Therefore, the higher ASA blood levels in 
the hepatectomized animals may only partially reflect a 
higher level of ASA in the extracellular fluid compart- 
ment. 

4. Influence of chronic liver disease on the ability of 
human serum to hydrolyze ASA in vitro. 

The data are summarized in Figure 6. The average 
hydrolytic activity in 104 subjects free of disease was 
146.8 and 117.4 (ug of SA/ml. of serum/60 min.) in men 
and women respectively. Average values for male and 
female cirrhotics were 47.1 and 56.0 respectively. These 
averages were significantly different from the former 
(p « 0.001). It may be noted that the average values for 
normal men and women were significantly different (p « 
0.001). 


Discussion 


The role of ASA in the causation of upper gastrointes- 
tinal bleeding has been difficult to estimate because both 
Situations, ASA ingestion and upper gastrointestinal 
bleeding, are so common that causality is not readily 
distinguished from chance association. Nevertheless, 
whenever patients hospitalized for upper gastrointestinal 
bleeding and patients hospitalized for other reasons were 
compared with respect to a history of recent ASA inges- 
tion, significantly more recent ASA users were fourid 
among patients with hemorrhage*11¢.1® Studies such as 
these, when added to the demonstrated ability of ASA 
to induce occult gastrointestinal bleeding detectable by 
Cr 51-labeled erythrocytes in normal subjects, have firmly 
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i INFLUENCE OF HEPATECTOMY(70%) ON ASA 
METABOLISM IN RATS 

Fic. 5. Semi-log plot of 3 

ASA—-total salieylate in Dieas Control 
the blood of partially he- a e oaoa BA 
patectomized e . TA 

and sham-operated o- - -o ° 

rats following the oral a a ~. 
administration of ASA, 
(80 mg./Kg.). Each 
point represents the mean 
of 8 values. The mean 
ratios of test and contxol 
rats were significantly 
different at 10, 15 and 
20 minutes postadminis- 
tration of ASA (p « 0.01. 
p « 0.001 and p < 0.02 
respectively ). 
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established a relationship between ASA ingestion and 
bleeding from the gastric mucosal membrane. 

Because overt (the frequency of occult bleeding and 
anemia has never been established) gastrointestinal 
bleeding is a relatively rare complication of ASA inges- 
tion, it has been suggested that other coincident factors 
predispose to this complication. For instance, it has been 
established that it is the regular rather than the casual 
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Fic. 6. Serum ASA-esterase levels in normal subjects and in pa- 
tients with biopsy-proven portal cirrhosis. Average values in male 
and female patients with cirrhosis were significantly (p « 0.001) 
different from those measured in normal men and women. 
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use of ASA which is associated with hemorrhage.’ The 
possibility that alcohol may predispose to ASA-induced 
bleeding has received considerable attention. This seemed 
to be a natural avenue of inquiry since the use of ASA is 
the handmaiden of alcoholic overindulgence. Goulston 
and Cooke!! found that alcohol accentuates gastric bleed- 
ing produced by ASA. Retrospective studies suggest a 
synergistic influence of alcohol and ASA (alcohol alone 
being without effect) in patients with gastrointestinal 
bleeding.!" Studies of the lumen-to-mucosa ionic refluxes 
in animals? an in human subjects? have been interpreted 
as showing an increased permeability tc hydrogen ion of 
the gastric mucosal membrane under the combined in- 
fluence of ASA and alcohol. Beyond these studies there 
are no indications why some individuals, or all individuals 
under certain circumstances (in addition to alcohol), 
may be more liable to gastric mucosal injury by ASA. 

The data incriminating ASA rather than its chief 
metabolite, SA, in the causation of gastric erosions and 
abnormal platelet aggregation suggested to us a new 
investigative approach to the problem. This approach is 
based on the supposition that a rate of ASA degradation 
which, for one reason or another is diminished, would 
cause higher levels of circulating ASA which in turn 
would increase the severity of the action of the drug on 
gastric epithelial cells and on platelets. This would be 
analogous to the greater sensitivity to succinylcholine in 
individuals with very low serum levels of cholinesterase. 

Our data support the following conclusions. As has 
been previously established,;!5 considerable hydrolytic 
activity for ASA is present in human serum. The average 
ASA-esterase activity in the serum of voung male rats 
is almost identical to that of young men which lends 
some validity to investigations of this enzyme system in 
the rat. The immediate and prolonged drop in serum 
ASA-esterase activity following a partial hepatectomy and 
the very low level of this enzyme measured in patients 
with portal cirrhosis suggest that the liver is the major 
source of the circulating enzyme. The reduced hydrolytic 
activity in the serum of hepatectomized rats is reflected 
by higher ASA blood levels and impaired in vivo metabo- 
lism of the drug given intravenously or orally. These data 
suggest that the in vivo degradation of ASA in cirrhotics 
is probably slower also and that a given dose of ASA may 
be expected to be followed by higher ASA blood levels 
than in a normal individual. (For obvious reasons we 
have chosen not to proceed with the administration of 
ASA to cirrhotics for actual measurement of ASA blood 
levels.) 

Upper gastrointestinal hemorrhage in patients with 
portal cirrhosis and portal hypertension often originates 
from extra-variceal sources of which hemorrhagic gastritis 
is the most common.?!* Because hemorrhagic erosive 
gastritis is the characteristic pathologic expression of 
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gastric mucosal injury by ASA and because alcoholic 
overindulgence and the use of ASA go hand-in-hand, 
some instances of nonvariceal bleeding in cirrhotics may 
be due to ASA. In an unpublished retrospective study, 
Schwartz” found that 75% of patients with portal cirrho- 
sis hospitalized with gastrointestinal bleeding had a his- 
tory of recent ASA ingestion. 


Summary 


The reason for the relative rarity of such complications 
of aspirin ingestion as gastrointestinal bleeding, despite 
the universal consumption of this drug, has never been 
explained, It has been surmised that only certain individ- 
uals or populations of individuals are susceptible to these 
complicaticns. This study seeks to define at least one 
population of individuals who would be more liable to 
hemorrhagic complication of aspirin ingestion. Under 
normal conditions a dose of aspirin is rapidly hydrolyzed 
to salicylic acid and acetic acid under the influence of an 
enzyme system, aspirin-esterase. Because the beneficial 
as well as the harmful effects of aspirin appear due to 
the intact compound rather than to its chief metabolite, it 
was theorized that individuals less able to metabolize 
aspirin might be more liable to its harmful effects. Our 
data show that the liver is a major source of circulating 
aspirin esterase and that following hepatectomy the 
ability of rats to metabolize aspirin given orally or intra- 
venously is reduced. Comparison of serum aspirin- 
esterase activity in normal subjects and in patients with 
biopsy-proven portal cirrhosis shows that the latter have 
a markedly reduced ability to hydrolyze aspirin in vitro. 
It may be inferred from these data that patients with 
portal cirrhosis form a population of individuals who are 
more liable to complications from aspirin ingestion. 
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Discussion 

Dr. Joun Dorsey (Evanston): We have a young mian in our 
training group who had had a considerable interest in bleeding 
and coagulation defects, which has saved our patients a great deal 
of morbidity, .as well as mortality. His prompt attention to these 
defects has allowed us to control them, preventing operation, or 
relieving the necessity for operation, in certain instances, and al- 
lowing us to proceed in others. 

Not only cirrhotic but certainly many other people with liver 
disease, and those who have severe hemorrhage or who may have 
a shock-like state develop, or who may be under Coumadin 
therapy, potentially are in considerable danger. 

Dr. Caprini lias asked me to show two slides which simply 
illustrate the things that Dr. Menguy has shown about platelet 
aggregation and the interference of it with aspirin, which occurs 
promptly and lasts as long as 10 to 12 days, that is, until the new 
platelet generations are reformed. There certainly are many nor- 
mal people walking around who have taken aspirin, and whom we 
mày encounter in the course of even a planned surgical procedure 
in someone whom we consider a normal individual. 


Dn. Frank W. Bratspexrt (San Francisco): I agree with Dr. 
Menguy’s facts, but disagree with his conclusions. I agree that 
there are probably two mechanisms by which aspirin can produce 
bleeding in the cirrhotic patient: (1) Direct gastric irritation; 
this, however, would be liard.to separate from the irritation pro- 
duced by the. ingestion of alcohol itself. (2) Depression of platelet 
function, as postulated by Dr. Dorsey. This particular effect is 
immediate and would not be noticeably affected by a delay in 
metabolism. of aspirin. This effect would be expected to last for as 
long as the life óf the platelet—about 7 days. 

_In the patient with liver disease or liver damage, as in the case 
of Dr. Menguy’s animal rodel, the coagulation mechanism might 
not be normal. If there is impaired hepatic function there could be 
& decrease in coagulation factors; in addition, fibrinolysis could be 
abnormally prolonged due to the delay in inactivation of fibrinoly- 
sin activator by the damaged liver. 


The possible causes of gastrointestinal hemorrhages in the 
cirrhotic are multiple and very likely include other mechanisms 
besidé aspirin effect on gastric mucosa. ] 

I ask Dr. Menguy whether or not he has measured coagulation 
jarameters in his hépatectomy model, and whether or not he 
ound changes in these parameters. 


Da. Franx Moopv (Salt Lake City): One other variable that 
has not been discussed is that permeation, or the absorption, of. 
acetylsalicylic acid deperids on there being a low pH within the 
stomach, since this provides for the undissociated moiety that dif- 
fuses through the membrane. : 

Y was wondering if, in your rat experiments, there was aspirin 
in an acid solution. 1 did not pick up whether you did; and if you 
did not, whether you measured the intraluminal pH within the 
rats stomach, because this would then govern the rate at which 
aspirin would be absorbed. 

Cirrhotics are rather fortunate in this regard, because many, as 
a consequence of excessive and prolonged alcoholism, burn out 
their acíd secretory capacity. Therefore, they may absorb aspirin 
more slowly. 


Dr. MARSHALL J. Ontorr (San Diego): This is another in a 
long series of elegant presentations of studies by Dr. Menguy and 
his colleagues on the role of aspirin in gastric defense mechanisms, 
in gastrointestinal bleeding and in gastritis. The important message 
from this study is that cirrhotics tolerate aspirin less well than 
normals because they are unable to metabolize it as well and, 
thereforé, that they are potentially subject to the toxic manifesta- 
tions of aspirin ingestion. — . 

Dr. Menguy did not conclude—and I think it is important to 
emphasize that aspirin ingestion plays a role in bleeding from 
esophageal varices in cirrhotics. I think it would be surprising if 
that were the case, although it might play a role in other bleeding 
conditions in this group of patients. 

We are in the process of conducting a prospective study of varix 
hemorrhage in unselected ‘cirthotics, and we have made specific 
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inquiries in, over 200 patients about ingestion of aspirin and ahal- 
gesics at the time of bleeding, or immediately prior tó hemorrhage, 
we have found that thé incidence of aspirin ingestion in this group 
. is very low. Moreóver, the incidence of gastritis in, patients who 
have been shown to be bleeding from esophageal varices as de- 
termined by gastroscopy is similarly low. Í think it is fair to con- 
clude, at léast on the basis of our experience, not that cirrhotics do 
not get headaches, but that they choose more potent medicine to 
relieve their pain than aspirin. 


CuamMAN MosskLMAN: Dr. Menguy, I would like to add a 
question. I take it that the destructive effect on the gastric 
mucosa of aspirin is from direct contact. Would you clarify that 
for me? And does buffering provide any protection from this 
effect? 


Da. RENE Mencuy (Closing): First of all, Dr. Musselman's 
question, the mattér of the direct contact of aspirin. with the gas- 
trie mucosa: This is not a local contact mechanistn. Aspirin will 
injure the gastric mucosa only when it is in an absorable form, 
directly in the stomach, or as circulating aspirin. The effects are 
due to the interference of aspirin with certain metabolic processes 
in the cell, rather than a direct irritation. 

Bufferin is poorly absorbed from the stomach, and all other 
conditions being equal, aspirin blood levels are much lower after 
Bufferin or.Alka Seltzer than after a regular aspirin tablet. So 
taking dspirin in a buffered form diminishes somewhat the risk of 
bleeding. It also diminishes the analgesic effect. 

With respect to Dr. Orloff’s question, I fully agree that one has 
to be very careful about making any claims of cause-to-effect re- 
latiónship between an aspirin ingestion and bleeding. It has taken 
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a long time to establish that aspirin can cause bleeding. Prospec- 
tive or retrospective studies of the kind he mentions dre extremely 
difficult to evaluate because of the reticence or the ignorance of 
many patients with respect to what they are taking. There are well 
above fifty proprietary drugs on the market containing aspirin, and 
very often patients are actually cónsuming aspirin without their 
knowing it. A 

Dr. Orloff pointed out one.of his studies. Dr. Seymour Schwartz, 
could not be here, but asked me to impárt this information. After 
we started discussing this matter a year ago, he undertook a similar 
prospective study, arid found that of 23 patients admitted to his 
service with alcoholic cirrhosis and hemorrhage, there was a his- 
tory of recent aspirin ingestion in 18 of these 23 patients. — 

Dr. Moody posed a very appropriate question on aspirin absorp- 
tion. Aspirin is best absorbed when it is in the unionized state; the 
state which exists when aspirin is in an acid medium. Therefore, 
when the stomach is secreting actively, and the pH is low, aspirin 
is much more likely to be rapidly absorbed, and there is much 
greater likelihood of damage to the stomach and of other side- 
effects of aspirin. 

To get away from the vagaries of rates of absorption, we ad- 
ministered aspirin into the stomach in a suspension of methyl 
cellulose, which we found gave us the most uniform rates of ab- 
sorption. ; 

I would completely agree with Dr. Blaisdell. I think we have 
the possibility of another mechanism of impairment of coagilation 
in cirrhotics. I would point out that he used the word “irritation” 
in regard to the effects of aspirin on the epithelium of the stomach. 
This is not irritation; it is an influence of aspiriri on cellular meta- 
bolism, and the effects on the metabolism of the surface epithelial 
cells are virtually identical to those on the metabolism of platelets, 
or renal epithelium. 


m 
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Experiences with Angiography in Diagnosis and Treatment of 
Acute Gastrointestinal Bleeding of Various Etiologies: 


Preliminary Report 


BOLEK BRANT, M.D.,* JOSEF ROSCH, M.D.,** WILLIAM W. KRIPPAEHNE, M.D. be 


ISCERAL ARTERIOGRAPHY, HAS proven to be an ex- 
Miu useful technic in the diagnosis of gastroin- 
testinal bleeding. Margulis and co-workers ? first reported 
in 1960 ‘a successful operative visceral arteriography 
which demonstrated a bleeding cecal arteriovenous mal- 
formation. In 1963, Nusbaum, ét al," reported the 
demonstration of, experimentally produced bleeding 
points in gastrointestinal tract of dogs using the Seldinger 
technic of percutaneous selective visceral arteriography. 
In 1965, the same authors reported their experience with 
the successful clinical application of this method dem- 
onstrating bleeding with rates of loss as low as 0.5 ml. 
per minute.” Since that time, medical centers throughout 
the world have been using selective visceral angiography 
as an aid in the localization of gastrointestinal bleeding. 

In addition to its diagnostic value the percutaneous 
visceral arteriography offers a new therapeutic approach 
to the difficult problem of massive gastrointestinal hemor- 
rhage. Once the site of bleeding is determined, the same 
intra-arterial catheter can be used for selective intralumi- 
nal infusion of vasoactive drugs resulting in transient and 
often permanent cessation of bleeding. 

The pharmacological effects of vasopressin and ad- 
renalin on the visceral circulation were studied and de- 
scribed by physiologists as early as 1928 +° and reviewed 
by Shaldon, et al. in 1961.22 That knowledge prompted 
systemic intravenous use of vasopressin for the control of 
hemorrhage from esophageal varices.9/^2921 In 1967, Nus- 
baum et al, reported on selective infusion of various 
vasoactive substances directly into the superior mesen- 
teric artery of dogs with experimentally produced portal 
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hypertension? These technics were then successfully 
utilized in treating a group of patients with massive 
variceal bleeding. Several similar reports followed 
shortly confirming the efficacy of this method of treatment 
in other types of gastrointestinal hemorrhage.!15.1923 
Arterial gastrointestinal hemorrhage has been success- 
fully treated also with selective intra-arterial infusion of 
epinephrine above or in combination with propranolol 
as reported by Rösch, et al.1718 

This report describes our technics and summarizes our 
clinical experience in selective visceral angiography used 
in diagnosis and treatment of acute gastrointestinal bleed- 


Material, Methods, and Results 


During the past 2 years, 42 patients with massive, 
acute gastrointestinal hemorrhage were studied and 
treated with the use of angiography at the University of 
Oregon Medical School Hospitals. There were 31 males 
and 11 females. They ranged from 4 to 88 years of age. 
In all patients, the Seldinger technic of percutaneous 
arterial catheterization was used for both the diagnostic 
and therapeutic injections. 

The diagnostic accuracy was excellent with only one 
incomplete diagnosis (Case 31). There were no deaths 
caused by either diagnostic or therapeutic angiography. 
There were three complications caused directly by the 
procedure. Two patients (Cases 8 & 9) had infections 
at the arterial catheter site associated with septicemia; 
both responded to removal of catheter and appropriate 
antimicrobial therapy. One patient (Case 27) developed 
a large hematoma in the groin necessitating premature 
removal of the catheter. 
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TABLE Í. Varices 











Age Angio ; 
Case Sex Diagnosis Other Major Diagnosis Site* Drug* Dose ©- Duration 
: . 1-28-71 
1 56 Varices ASHD—CHF S.M. P 0.1, u/min 18 hours 
M Cirrhosis 1-30-71 
Alcoholism S.M, P 0.1 u/min 18 hours 
acute 
chronic 
2 62 Varices Gastric ulcer S.M. P 0.2 u 30 min 
M Cirrhosis min 
Jaundice 
Alcoholic hepatitis 
3 63 Varices Gastric ulcer 5.M. P 0.3 » min 1 day 
M Cirrhosis 0.15 u min 3 days 
0.075 y min 1day 
4 4 Varices Cavernous S.M. P 0.1 p min 1 hour 
M transformation of portal 
vein 
5 61 Varices Cirrhosis ascites S.M. P 0.15 p min 2 hours 
M P.O. Ca rectum 
6-8 aspirin/day i S.M. P 0.3 u min 2 hours 
Alcoholism acute 
4-31-71 
6 40 Varices Cirrhosis ascites S.M. P 0.1 u min 12 hours 
F Ulcerative colitis 0.2 u min 
Sepsis 
Hypersplenism 
7 54 Varices Chronic alcoholism S.M. P 0.3 u min 1: hour 
F Cirrhosis 
ascites 
jaundice 
anasarca 
: precoma 
8 50 Varices Alcoholism S.M. P 0.3 u min i hour 
M Cirrhosis 
ascites S.M. P 0.17 u min 4 hours 
jaundice min 
anasarca S.M. P ? ? 
Carcinoma 
9 59 Varices Cirrhosis S.M. P 0.3 u min 3 hours 
M jaundice 
ascites 
10 48 Varices Cirrhosis S.M. P 0.3 à min 2 hours 
F jaundice 
ascites 
coma 
Alcoholism 
acute 
chronic 
11 63 Varices Cirrhosis S.M. P 0.2 u min 4 hours 
M Alcoholism 1 hour 0.3 u min 


Duodenal ulcer 
Chr. renal dis. 








Site*: S.M. = superior mesenteric 
Drug*: P = pitressin 
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TABLE 1.— Continued 








Follow-up Surgery Time 
Findings 
Angio ` Clinical Hematologic Procedure Complications Mortality & Notes 
No arterial Stopped with P&P 28% — 1-27-71 Expired 2-2-71 
bleeding each infusion Intractable failure ASHD 
20 blood transfusions over Coronary occlusion 
2 week period Ventricular aneurysm 
Ruptured papillary muscle 
CHF-Pleural effusion 
Cirrhosis 
varices 
ascites 
— Stopped P & P 28% — — Lived 
3 units transfused 
— Stopped — — — Lived 
8 units transfused 
— Stopped _ 5 D elective varices — Lived 
Transesophageal 
ligation 
= Stopped & P&P 67% — Pre coma cleared Lived 
Rebled 5 units transfused 
-— Stopped & 
Rebled 
Sengstaken 
added & stopped 
— Slowed BSP 41% 4-16-71 3-31-71 Expired 4-26-71 
Stopped with P&P 56% Varices Colectomy, splenectomy, Peritonitis 
Sengstaken Fibrinogen Portocaval shunt iliostomy Jensriiun welchii 
82.5 (3 days after Drained ascites around Septicemia 
infusion) iliostomy 
— Continued P & P 26% — Coma Expired 3 days after infusion 
Stopped with Cirrhosis 
Sengstaken coma 
hepatic failure 
5-6-70 Stopped P & P 60% 5-14-70 Staphylococcal septi- Expired 5-20-70 
5-9—70 Stopped Hepatocellular cemia & groin wound Hepatocellular carcinoma liver 
5-14-70 Stopped & Carcinoma liver on infection 5-10-70 Liver failure 
Sengstaken exploration 
added 
10-29-70 Stopped P & P 74% — Rebled at 6 days & Expired 11-10-70 at 10 days 
Rebled Sengstaken placed Cirrhosis, varices, superficial 
11-1-70 & Ventricular tachycardia 2 ulcers stomach & duodenum 
Stopped with hours post infusion Renal necrosis 
Sengstaken Staphylococcic septicemia Hepatic failure 
11-8-70 but rebled at 2 days 
Stopped Catheter tip positive 
— Diminished P & P 4395 — — Expired 2 hours after infusion, 
Continued 10 hous after admission 
Bleeding 
— Continued P&P 55% 5 hours Hepatic & renal failure Expired 3 days after surgery 
bleeding even Cirrhosis & varices — Sengstaken placed Cirrhosis, varices 
with Sengs- Splenectomy ASHD 


taken placed 








Ligation varices 


Renal nephrosclerosis 
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TABLE 2. Major Ulcers 
Case Age Angio 
No. Sex Diagnosis Other Major Diagnosis Site* Drug* Dose Duration 
12 44 Duodenal ulcer Alcoholism L.G. E 15 mcg min 20 min. 
M Tuberculosis 
Emphysema 
13 64 Duodenal ulcer High doses G.D. E — 25 min. 
F aspirin ingestion 
14 75 Duodenal ulcer Bilateral pneumonia C E 15 mcg min 3 hours 
M (Fig. 3) Emphysema 
ASHD 
Decubiti 
Cancer prostate 
15 75 Duodenal ulcer ASHD—CHF H E 12 mcg min 1 hour 
M : Alcoholism 
Aspirin 100/week 
16 72 Duodenal ulcer ASHFE—A. fibrillation G.D. E 2 hours 
M Rt. leg ischemia 
Infected leg 
ulcers 
17 17 Gastric ulcer Splenic infarct L.G. E 12 meg min 30 min. 
6 mos. previously 
18 50 Gastric ulcer 270 lbs. Obese C 30 mcg min 1 hour 
M C P 0.32 u min 1 hour 
C 30 mcg min 1 hour 
19 42 Gastric ulcer Cirrhosis H E 15 mcg min 40 min. 
M ascites 
jaundice 
Pneumonia 
20 59 Duodenal ulcer Plasma cell C 20 mcg tnin 20 min. 
F Leukemia S.M. E 20 mcg min 20 min. 
H E 20 mcg min 20 min. 





Site*: L.G. = L. gastric; G.D. = gastroduodenal; H = hepatic; C = celiac axis; S.M. = superior mesenteric 


Drug*: E = epinephrine; P = pitressin 


Permanent cessation of bleeding, whether infusion 
was used as the only treatment or whether it was fol- 
lowed by elective surgery, is classified as a success. Bleed- 
ing which stopped only during the infusion, markedly 
diminshed bleeding, and continuous unchanged bleed- 
ing, are all considered a failure. 

A constant delivery pump was used for the infusions 


of the vasoactive agents. The length of infusion varied - 


from 10 minutes to 24 hours with only two patients ex- 
ceeding that length (Case 3-72 hours, and Case 36-48 
hours). Some patients required multiple infusions. Pitres- 
sin was used in venous variceal bleeding in doses ranging 
from 0.075 to 0.3 pressor units/ml./min, All patients with 
arterial bleeding were infused with epinephrine in doses 
ranging from 3-30u/ml./min. except for one (Case 37) 
who was successfully infused with pitressin. Three pa- 
tients were, in addition, pre-infused with propranolol, 
3.0-3.5 mg. (Case 22, 23, 24). In six other patients with 


arterial bleeding, pitressin was added to the treatment 
for various reasons (Cases 18, 33, 34, 36, 39, 41). 

Of the 42 patients in the study, 11 were diagnosed to 
be bleeding from varices. In 31, the bleeding was of 
arterial etiology except for two patients in the latter 
category (Cases 37 & 41) who bled from both sources. 
Patients can be conveniently separated into four groups. 


Group I (Table I) 


Eleven patients were bleeding from varices secondary 
to portal hypertension. Seven were successfully con- 
trolled with pitressin infusion and there were four 
failures (Cases 6, 7, 10, 11). 


Group II (Table 2) 

Nine patients were bleeding from a major peptic 
ulcer. In this group, there were six failures (Cases 12, 
14, 15, 16, 18, 20). 


—* 
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TABLE 2.—Continued 
Follow-up Surgery Time 
Findings 
Angio Clinical Hematologic Procedures Complications Mortality & Notes 
Stopped Stopped — 14 hours DT's Lived : 
Rebled at Duodenal ulcer Atelectasis 12 y transfusion 
14 h. Gastritis Liver failure 
Gastric resect. 
Stopped Stopped — 6 days-—Elect. Abdominal wound Lived 
Duodenal ulcer infection 
Gastric resect. 
Slowed Slowed — 6 hours Extending pneumonia Died 21 days after surgery 
Duodenal ulcer Stroke—Hemiplegia Severe bilateral pneumonia 
V. & P. ASHD—Congestive Congestive heart failure 
Tracheostomy failure Rt. brain infarction 
Carcinoma prostate 
6 units 
Stopped Stopped P & P 40% 2 hours Staphylococcal pneumonia Lived 
Rebled (9) Duodenal ulcer CHF—Atrial pacing 25 units transfused 
2 hours Vagotomy & Hemi- — Pyelonephritis & Klebsiella 
gastrectomy PII septicemia 
Cont. Cont. P & P 4095 2 hours 'Thigh amputation Died 4 days after surgery 
bleeding bleeding ` Duodenal ulcer 3rd day Respiratory insufficiency 
Vagotomy Klebsiella pneumonia Sepsis 
Resection PII Klebsiella septicemia 8 units transfused 
Stopped Stopped — — — Lived 
Cont. Cont. — 14 hours — Lived 
bleeding bleeding Gastric ulcer 6 units 
Gastrectomy 
Tracheostomy 
Stopped Stopped P & 31% — Liver & renal failure Died 14 days after infusion 
(Clot put in Platelets 67,000 Liver & renal failure 
Gastroduodenal) antral ulcer 
Perforated duodenal ulcer 
Bilateral bronchopneumonia 
Increased Increased Platelets 50,000 Minutes — Lived 
Fibrinogen 204 Duodenal ulcer 2 fresh—5 bank blood before 
Gastrectomy with BII angio 
at angio 6 units blood & 4 platelets 
Total transfusion 24 units 
Group III (Table 3) infusion. With recommended clinical doses no significant 


Six patients were bleeding from various major arterial 
sources (one marginal ulcer, one Mallory-Weiss syn- 
drome, three colonic diverticuli and one ilial ulcer). 
There were no failures in this group. 


Group IV (Table 4) 


Sixteen patients were bleeding from stress ulcers or 
gastritis. There were five failures in this group. 


Discussion 


Systemic intravenous injection of vasopressin has been 
successfully used in control of variceal bleeding. It car- 
ries, however, certain risks. Large, repeated doses are 
often needed with frequent development of tachyphy- 
laxis and adverse cardiovascular reactions.?^?! The suc- 
cess of intra-arterial infusion of pitressin in similar situa- 
tions has been at least as efficacious as intravenous 


tachyphylaxis, renal or cardiovascular untoward effects 
have been observed. Morello et al. has recently re- 
ported an experimental study on intra-arterial infusion 
of vasopressin and epinephrine. Part of the study dealt 
specifically with the dosage levels and side effects of 
these two drugs when used in dogs. Significantly, the 
doses of intra-arterial vasopressin or epinephrine causing 
side effects in dogs were determined to be 500 per cent 
and 600 per cent greater, respectively, than the highest 
doses used in this clinical study. 

Rosch et al., reported an experimental study comparing 
effects of epinephrine and pitressin on superior mesen- 
teric arterial blood flow in dog.!" The diminution in the 
rate of blood flow during the infusion was comparable 
with both drugs but there was a slow escape from the 
vasconstriction of epinephrine observed with the pas- 
sage of time. (This phenomenon has been previously ob- 
served and reported by other investigators.*19:9) Injec- 
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TABLE 3. Mixed Arterial Bleeding 
Case Age Angio 
No. Sex Diagnosis Other Major Diagnosis Site* Drug* Dose Duration 
21 62 Mallory- Alcoholism L.G. E 10 mcg min 40 min 
M Weiss acute 
(Fig. 2) chronic 
i Hiatal hernia 
22 14 Diverticulosis ASHD S.D. Prop 3.5 mg 20 min 
M Rt. colon Obstructive uropathy E 15 mcg min 
(Fig. 4) 
23 61 Diverticulosis Sigmoid resection I.M. Prop 3.0 mg 10 min 
M Splenic flexure — 1 week previously elsewhere E 10 mcg min 
Transfused 30-units 18 days 
24 68 Diverticular Pneumonia I.M. Prop 3.0 mg 40 min 
M disease of staphylococcal E 10 mcg min 
sigmoid pneumococcal 
ASHD 
atrial fibrillation 
congestive failure 
Gout 
25 45 Marginal ulcer — BI1—12 years P.O. C E 30 mcg min 2 hours 
M ASA ingestion 
26 68 Distal ileum P.O. colectomy S.M. P 0.1 & min 15 min 
M anuria 


Sepsis 











Site*: L.G. = L. gastric; S.M. = superior mesenteric; I.M. = inferior mesenteric; C = celiac axis 


Drug*: E = epinephrine & Prop = propranolol 


tion of propranolol, a B blocker, followed by infusion of 
epinephrine resulted in a greater and sustained reduc- 
tion in mesenteric blood flow throughout the period of 
the infusion. (This has been previously reported by 
Steckel et al?+) With epinephrine, cessation of the in- 
fusion was followed by an immediate increase in superior 
mesenteric flow to 110-145% of the base line level. This 
overshoot lasted for about 3 minutes. When pitressin in- 
fusions were stopped, the flow increased slowly reach- 
ing 80% of the base line flow in 15-40 minutes (Fig. 1). 
We have been using epinephrine infusion in arterial 
bleeding because of the rapidity and ease of controlling 
the rate of blood flow in the infused vessel. The slow 
recovery of flow following pitressin infusion and lack of 
knowledge as to exact fate of the drug in the body, 
coupled with ‘concern over the possible harmful effects 
of liver infusion influenced our conservative use of pitres- 
sin. 

Our current investigations in the experimental labora- 
tory seem to indicate that following a minor transient 
decrease, there is actually an increase in the hepatic 
blood flow with direct pitressin infusion in dogs. Should 
this also be true in human beings, our concern about 
liver ischemia with pitressin infusion might be unwar- 

. ranted. Nusbaum and his colleagues, in their most recent 


communication, reported the successful use of intra- 
arterial vasopressin infusion in eight patients with ar- 
terial gastrointestinal bleeding.1¢ They encountered no 
complications. In view of the above facts and the poten- 
tial cardiac and pulmonary effects of propranolol, espe- 
cially in older patients, and the theoretical possibility of 
rebleeding during the "rebound" phase of epinephrine 
infusion, it may well be that intra-arterial pitressin is 
the drug of choice in arterial as well as venous gastro- 
intestinal hemorrhage. Further clinical studies are pres- 
ently under way at our institution. 


Bleeding Esophageal Varices 


There were four failures in the 11 patients bleeding 
from varices. One patient (Case 10), a near terminal, 
bleeding cirrhotic, was admitted in a coma, moribund, 
and probably should never have been infused. Another 
patient (Case 11) failed to respond to either infusion or 
mechanical tamponade with Linton or Sengstaken tubes. 
He had ligation of bleeding varices and died 3 days later 
in hepatorenal failure and coma. In patient 7, following 
1 hour of unsuccessful infusion of pitressin, a Sengstaken 
tube was used which stopped the bleeding. A longer in- 
fusion might have succeeded. Similar comments can be 
made in Case 7. Combined use of balloon tamponade 


A 
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TABLE 3.— Continued 
Follow-up Surgery Time 
: - Findings 
Angio Clinical Hematologic Procedure Complications Mortality & Notes 
Stopped Stopped P & P 61% — — Lived 
Esophagoscopy confirmed 
3 units transfused 
Stopped Stopped — 24 hrs—elective — Lived 
Diverticulitis Bleeding site identified 
Rt. hemicolectomy in pathologigc specimen 
Stopped Stopped — Hours Several hours later Lived 
Gastric erosion massive upper G.I. Reanastomosis colon 
Diverticulitis bleeding 3 months later 
V & P & ligation of Not studied 
bleeding point 
Partial colectomy : 
Stopped Stopped — — — Lived 
, Transfused 6 units 
Stopped Stopped — Elective 9 days — Lived 
No ulcers found Upper G.I. study revealed 
Vagotomy marginal ulcer 
Transfused 4 units 
Stopped Stopped — — — Died 32 days after infusion 





and pitressin infusion in Case 5, even though experi- 
mentally nót pure, cannot be condemned as it resulted 
in the cessation of bleeding. Four patients with varices 
(Cases 1, 5, 8, 9) and patients 37 and 40 with stress 
ulcers and/or gastritis required several infusions before 
control of their bleeding was achieved. These infusions 
were relatively short—from 10 minutes to 5 hours. It 
seems possible that one prolonged infusion. might have 
succeeded where several short ones failed. Our coricern 
about the duration of the infusion and possibility of ar- 
terial thrombosis may have been overemphasized. Per- 
cutaneous intra-arterial catheters have been left in place 
without serious complications for as long as 2 weeks in 
chemotherapeutic infusions in cancer patients.9?5 In a 
recent series of patients treated for arterial gastroin- 
testinal bleeding, Nusbaum et al., reported no complica- 
tions as a result of leaving the infusion catheter in the 
left gastric artery for up to 5 days.!? The same authors 
controlled 27 of 28 patients with variceal hemorrhage 
by infusing pitréssin into superior mesenteric arteries for 
up to 14 days? Thus, it seems that longer infusion can 
be more successful and yet relatively safe. 

Seven of the variceal bleeders eventually died, and 
we feel their mortality was most probably not pre- 
ventable. In this group, we may have influenced sur- 
vival of two to four patients (Cases 2, 3, 4, 5) by the use 
of the infusional therapy. 


Acute tubular necrosis 
Bilateral pneumonia 
Hepatic failure 


Major Peptic Ulcer 


In nine patients bleeding from a major peptic ulcer, 
the infusional therapy was disappointing as only three 
stopped with infusion. All three were relatively young; 
one was 17 (Case 17), one was 42 (Case 19), and one 
was 64 years of age (Case 13). Most of the patients who 
failed had marked arteriosclerosis which in combination 
with scarring and induration of the ulcer bed resulted 
in ineffective vasoconstrictive stimulus. All failures of 
vasoconstrictive treatment underwent prompt operation 
which resulted in cessation of bleéding. One of the pa- 
tierits who failed to stop bleeding (Case 20) had plasma 
cell leukemia with low platelets and decreased fibrinogen 
level. Another patient (Case 19) had low P & P (39%) 
and low platelets (67,000), and stopped bleeding only 
after a thrombus was infused through the catheter. Three 
patients in this group died ( Cases 14, 16, 19). Their mor- 
tality was considered due to concomitant disease. We 
may have influenced the survival of one patient in this 
gtoup by making his operation elective (Case 2). 

All six patients in Group III, bleeding from various 
arterial sources, were successfully treated with the in- 
fusional therapy and all but one lived. Patient 26 died. 
of the primary disease. It is important to recognize the 
value of diagnostic localization of the source of colonic 
bleeding (as exemplified by our Cases 22, 23, 24). In the 
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Case 
No. 


27 


28 


29 


30 


31 


32 


33 


34 


35 


36 


37 


Angio 
Diagnosis 


Stress ulcers 


Stress ulcers 


Gastritis 


Gastritis 


Stress ulcers 


Stress ulcers 


Stress ulcers 


Stress ulcers 


` Multiple ulcers 


Stress ulcers 
Jejunal ulcer 


Gastritis 
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Other Major Diagnosis 


Emphyema gallbladder 
Sigmoid volvulus 


Quadriplegia 


HCVD & ASHD—CHF 
Diabetes mellitus 


Chr. renal dis. 
CVA—1963 


Alcoholism 
acute 

. chronic 

RHD Class IV 

Alcoholism 
&cute 
chronic 


Cirrhosis varices 


Alcoholism 
acute 
chronic 

Tuberculosis 


P.O. aortic graft 


ASHD 


Chronic renal disease 


Alcoholism 
Cirrhosis 
jaundice 
ascites 


Chronic renal disease 


Biliary sepsis 
Cholangitis 


Myeloproliferative disorder 
Prednisone 30 mg daily 


Gas-rectomy 1963 


Alccholisri 
cirrhosis 
Luetic 


—meningovasc. 


-aneurysm 
—neurogenic 
. bladder 
Tuberculosis 


P.O. colectomy 


Oral squamous carcinoma 
ASHD with pacemaker 


Uremia 


Resp. insufficiency 


Seps:s 





Site* Drug* Dose Duration 
L.G E 8 mcg min 30 min. 
L.G. E 20 mcg min 30 min. 
H E = 30 min. 
C E 18 nicg min 40 min. 
H E 8 mcg min 20 niin. 
L.G. E 10 mcg min 30 min. 
L.G. E 3 nicg min T hour - 
i1-18-71 
C E 20 mcg min 30 min. 
C P 0.2 u min 22 hours 
H É 4-18-71 2 hours 
S.M. P ? 
C E 8-28-70 30 min 
5-3-71 
L.G. E 240 meg ? 
80 + 48 hours 


— 


= 
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Follow-up Surgery Time 
- - Findings 
Angio Clinical Hematologic Procedure 
Stopped i Stopped — — 
Stopped Stopped — Hours? 
Rebled Fundic stress ulcer 
Vagotomy 
Vagotomy 
Gastroenterostomy 
Stopped Stopped — — 
Decreased Decreased — Hours—few 
f ) Acute ulcers 
Gastrectomy 
Continued Continued P & P 43% 1} hours 
uU Fibrinogen 111 Superficial gastric & 
Platelets 61,000 duodenal ulcers 
V'& P ligation 
bleeding areas 
Gastric Massive — — 
stopped bleeding from 
rectum 
Slowed & Stopped P & P 70% — 
Intermittent 
Slowed ' Slowed — — 
i stopped 
Stopped Stopped Platelets 36,000 3 hours 
Rebled Shallow antral ulcers 
Vagotomy & 
gastrectomy 
Stopped Stopped = 4 hours 
l Jejunal ulcer 
Superficial gastritis 
Vagotomy & 
gastrectomy 
Stopped Stopped LDH 1325 ges 


Complications 


* Cholecystostomy 10-26 


Monilia septicemia 11-4 
Tracheostomy 11-7 


Large hematoma around 
catheter 

Pneumothorax P.O. 
Myocardial infarction 


Bled from Rt. Femoral 
catheter 

. Replaced through left 
femoral 


Respiratory insufficiency 
Bleeding uncontrolled at 
surgery until platelet 
count 100,000 ` 


Progressive jaundice 
Anuria 
Progressive anoxia 


Disseminated intra- 
vascular coagulation 
Stopped with Dextran 70 





Mortality & Notes 


Lived à 

Angio 11-3 

4 units blood 

Lived 

Entered empyema 7—21 
Cholecystostomy 7-24 
Bled 7-28 

Myocardial infarction 


Lived 
4 unit transfusion 


Lived 

Could not catheterize 

L. gastric 

Lived 

Combined bematologic deficits 
not corrected until in surgery 

12 units—2 fresh í 


Died within 24 hours 

Aorto duodenal fistula un- 
recognized 

Exsanguinated 


Lived 
Gastroscopy— superficial ulcers 
7 unit transfusion 


Died 11-22-71 
Cholecystostomy 11-5-71 
Infused 11-18-71 
Cholecystectamy and C.D. 
exploration 11-21-71 

(No obstruction identified) 

Renal shutdown 

Continued sepsis 

6 units transfusion 

3 platelet packs 

Expired 5-4-71 

Autopsy: 

Esophageal & gastric erosion 
Extramedullary hematopoesis 
Bronchopneumonia 

12 units bank blood 

12 units fresh blood 

Died 9-7-70 

Liver failure 

Pyelonephritis with renal failure 

Pseudomonas pneumonia 

Syphilitis aneurysm 

12 units transfused 


Died 5-17-71 
Colectomy 4-28-71 
Autopsy: 

Healed myocardial infarction 
Squamous carcinoma mouth 
Bacterial endocarditis 
Renal infarcts 
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Angio 
Diagnosis 


Case 
No. Sex 


38 50 Gastritis 
M Varices 





Alcoholism 
acute 
chronic 

COPD 

Sinusitis 

Cirrhosis 
varices 
ascites 

Fneumonia 


39 81 Gastritis ASHD 
M Rupture 
diaphragm 
viscera in 
thorax 
Chronic obstructive 
pulmonary dis. 


40 50 Ulcers 
F Gastritis 


Polycystic dis. 
Renal transplant 
Immunosuppressed 


41 88 Gastritis ASHD & HCVD 
F f atrial flutter 
pleural effusions 
Uremic 
Chr. brain syndrome 


42 40 Ulcers 
M Varices 


Cholecystitis 
E. coli septicemia 
Cirrhosis 

varices 

ascites 


Other Major Diagnosis 


Site* Drug* 
G.D. P 


Dose Duration 





.25 u min 4 hours 


S.M. P .25 y min 5 hours 


12 mcg min 20 min 


C E 20 mcg. min 20 min 


P .25 u min 30 min 
Platelets & 4 p` 


E 20 mcg min 3 hours 


5 infusions 
10-15 min 


C 10 mcg min 


11-12-70 


15 mcg min 40 min 


SM. P 4 hours 





Site*: L.G. = L. gastric; G.D. 
Drug*: E = epinephrine; P = 


= gastroduodenal; H = 
pitressin 


more unusual problems as, for example, intestinal ulcers 
(Cases 25 & 26) the same is true. Patients massively 
bleeding from colonic diverticuli are usually elderly 
which magnifies the risks of operation. 


Superficial Ulceration 


In the 16 patients who bled from gastritis and/or stress 
ulcers; there were five failures. In one patient (Case 6), 
the bleeding from stress ulcers was stopped by angio- 
graphic criteria. Clinically, he continued to bleed per 
rectum. He died within 24 hours and on postmortem ex- 
amination was found to have bled from an unrecognized 
aorto-duodenal fistula. He was the only diagnostic 
failure and may have been survived with operation if 
correctly diagnosed, One patient (Case 27) developed a 
hematoma around the cátheter site and infusion was 
stopped after 30 minutes. She rebled and surgical inter- 
vention stopped the bleeding. In patient 4, the left 


hepatic; C — 


celiac axis; S.M. = superior mesenteric 


gastric artery where the bleeding was originating could 
not be catheterized for technical reasons. The infusion 
was performed through the celiac artery and even though 
the bleeding markedly diminished, the patient required 
surgical intervention to stop the hemorrhage. Two pa- 
tients (Cases 30, 34) had unrecognized clotting deficien- 
cies (inadequate platelets and fibrinogen level). Infu- 
sion failed in both. They continued to bleed during 
operation until their defects were corrected, then bleeding 
stopped. Patient 40, even though eventually controlled 
with the infusion, rebled until his hypertension was con- - 
trolled with Apresoline. The latter three patients, as well 
as previously mentioned Cases 19 and 20, may have 
stopped. bleeding without other treatment if their clotting 
mechanism had been restored to normal. This trap should 
be avoided in any bleeding patient. In this last group of 
patients; we probably influenced the survival of four 
patients with infusional treatment. Nine patients even- 
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Follow-up Surgery Time 
: Findings 
Angio Clinical Hematologic Procedure Complications Mortality & Notes 
Stopped Stopped P&P 60% — — Lived 
Rebled 13 units blood 
Stopped 
2nd Infusion 
Stopped Stopped — — Diaphragm repair Died 12-6-70 
11-30-60 Extensive broncopneumonia 
Bled 10 days P.O. 
Azotemia 91 
Jaundice 
Progressive anoxia 
8-24-70 Bleeding P & P 43% 8-25-70 Pneumonia Died 8-31-71 
Bleeding PTT 75 sec Superficial ulcers Rebled 8-26-70 Transplanted 
8-26-70 Stopped TT 34 sec oversewn Rebled 8-27-70 Pseudomonas lung abscesses 
Stopped Platelets sewn Uremic HCVD 
Stopped Stopped Dialyzed Superficial ulcers: stomach small 
bowel, large bowel 
Decreased Decreased — — M.I. Died 13 days after infusion 
each infusion Stopped bleed- Myocardial infarction 
ing when hyper- Rebled 4-4-70 
tension con- (not transfused) 
trolled 
Apresoline 
Decreased Decreased P & P 40% — Cholecystectomy 10-26-70 Died 11-19-70 
Platelets 40,000 d Drained ascites Superficial stomach ulcers 
Stopped Decreased Peritonitis 11-11-70 Cirrhosis, ascites 
Fibrinogen Clostridium 


Septicemia 
Necrotic sigmoid resected 
Upper G.I. bleeding 
11-11-70 3 hrs. P.O. 
Liver & renal failure 
11-16-70 





tually died and their mortality was probably not pre- 
ventable. 

. Infusional vasconstrictive therapy can reduce regional 
blood flow and effect cessation of various types of 
gastrointestinal hemorrhage by allowing stable clot for- 
tion at the point of bleeding. Vessels capable of con- 
striction and adequate coagulation mechanism are pre- 
requisite for this treatment to have a chance of success. 


Summary 


1) Angiographic technics have a high degree of diag- 
nostic accuracy in defining the source of gastrointestinal 
bleeding. In massive bleeding they appear more ac- 
curate than either endoscopy or barium contrast studies. 

2) Therapeutic arterial infusions of epinephrine and/ 
or pitressin into appropriate regional vessels result in con- 


trol of bleeding most commonly in diverticular bleeding. 
and least commonly in chronic gastric and duodenal 
ulcers in elderly patients. 

3) In a limited experience longer infusions appear to 
be more successful in prolonged control of bleeding and 
in this series did not result in ischemic necrosis of the 
viscera infused. 

4) Initial and laboratory studies in progress suggest 
that pitressin will be the drug of choice for both arterial 
bleeding and bleeding from varices. 

5) Successful treatment of bleeding appears depend- 
ent upon the ability of blood vessels to constrict and 
upon intact hemostatic mechanisms. 

6) Later deaths appear to be due to concomitant dis- 
ease and appear similar in their patterns to the deaths 
following surgical procedures. 
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Fic. 1. Comparison of effects of epinephrine and pitressin on 
superior mesenteric arterial blood flow in the dog. Both agents were 
infused directly into the superior mesenteric artery. Each point is 


the mean of experiments in 3 dogs. The epinephrine dose was 3.8 1972, 

ug per min and was preceded by intramesenteric arterial propra- — 11. Nusbaum, M., Baum, S.: Radiographic Demonstration of Un- 
nolol, 3 mg. The pitrissen dose was 0.19 U per min. The shaded known Sites of Gastrointestinal Bleeding. Surg. Forum, 
horizontal bar indicates the duration of infusion. 14:374, 1963. 


Fic. 2. A 62-year-old 
man with a hiatal hernia, 
Mallory-Weiss syndrome, 
and severe gastrointesti- 
nal bleeding. Selective 
left gastric arteriography. 
A. Control study demon- 
strating extravasation of 
contrast medium on the 
^. lateral aspect of the hia- 
| tal hernia (arrows). B. 
Follow-up study after 20- 
minute infusion of epi- 
nephrine at a rate of 10 
ug/min., showing exten- 
sive constriction of the 
left gastric artery and its 
branches with no extra- 
vasation, 
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Fic. 3. A 75-year-old 
man with a duodenal ul- 
cer penetrating into the 
gallbladder and severe 
gastrointestinal bleeding. 
Selective common hepatic 
arteriography A. and B. 
Control study. A. Arterial 
phase showing extravasa- 
tion of contrast medium 
into a distended duode- 
num (arrow). B. Capil- 
lary phase demonstrating 
increased extravasation 
(arrow). C. and D. Fol- 
low-up study after a 20- 
minute infusion of epi- 
nephrine at a rate of 16 
ug/min. C. Arterial phase 
demonstrating moderate 
constriction of the he- 
patic and gastroduodenal 
arteries. Minimal extra- 
vasation (arrow). D. 
Capillary phase showing 
minimal extravasation 
(arrow). 
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Fic. 4. A. 74-year-old 
with bleeding diverticu- 
lum in the ascending 
colon, Selective superior 
mesenteric arteriography. 
A. and B. Control Study. 
A. Arterial phase show- 
ing extravasation of con- 
trast medium into the 
colic lumen (arrows). 
B. Capillary phase dem- 
onstrating persistent ex- 
travasation of contrast 
medium (arrows). C. 
and D. Follow-up studies 
after 30 minutes infusion 
of vasopressin at a rate 
of 0.3 unit/min. C. Ar- 
terial phase demonstrat- 
ing constriction of pe- 
ripheral branches of colic 
arteries and no extrava- 
sation. D. Capillary phase 
without any extravasation 
of contrast medium. 
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Discussion 


Dr. Davi» B. HinsHaw (Loma Linda): This type of work is 
predicated on the ready availability of extremely competent 
angiographers who are interested in working closely with surgeons. 
In our experience the benefits of “super” selective visceral angi- 
ography in acute gastrointestinal bleeding come under three head- 
ings. First, it has been extremely helpful in the diagnosis and 
localization of obscure gastrointestinal bleeding. Second, the 

recise localization of bleeding points as a guide to the surgeon— 
or example, to differentiate between bleeding from a peptic ulcer 
and bleeding esophageal varices in the same patient—or perhaps 
in localizing a specific site of hemorrhage in the colon. Third, there 
is an opportunity to control the acute bleeding by the local 
infusion of vasoconstrictive drugs. 

The control of acute bleeding with the localized vasoconstric- 
tive drugs (usually Pitressin) has been especially useful in very 
poor risk patients, some of whom have been completely con- 
trolled and others who have been controlled sufficiently long to 
improve their chances of successful operative treatment. Ang 
with the authors we, of course, have had our failures. 

This angiogram (slide) shows a major bleeding point in the 
cecum due apparently to a superficial ulceration. In this instance 
the bleeding was completely and permanently controlled by a 
localized infusion of Pitressin allowing this elderly poor risk pa- 
tient to leave the hospital without surgery. In our experience the 
ability to control active bleeding by this method in the colon has 
been relatively more effective than the control of bleeding from 
deep peptic ulceration. 

We agree with the authors that angiography in the diagnosis and 
treatment of acute gastrointestinal bleeding deserves wider and 
thorough study. 


Dn. Leste Wise (St. Louis): I would also like to congratulate 
Dr. Brant on his results. Our experience is similar to his, except 
for the diagnostic accuracy rate. 

In our preliminary survey with diagnostic selective angiography 
of acute gastrointestinal bleeding, we have analyzed 68 cases. 
Thirty-four of these were positive, thus our yield was 50%, I 
think we are in a somewhat similar position as operating for acute 
appendicitis. If we wait until general peritonitis supravenes our 
diagnostic accuracy rate will be 100%. But if we operate earlier, 
as most of us do, our diagnostic accuracy will be considerably less. 

Six of the studies which were negative for bleeding, however, 
demonstrated other abnormalities: two demonstrated the typical 
changes of cirrhosis of the liver; one showed esophageal varices; 
one demonstrated a large gastric tumor with metastases to the 
liver; another one showed the typical hyperemia and small vessel 
tortuosity of the colon, seen in ulcerative colitis; and finally one 
demonstrated narrowing of the gastroduodenal and pancreatico 
duodenal arteries, which was subsequently found to be due to a 
duodenal ulcer. 

There were no serious complications directly attributable to the 
arteriography. 

Arteriography was of value even in some cases of known 
duodenal ulcers and gastric ulcers. In some of these cases the 
bleeding was not coming from the main ulcer but from a bleeder 
high up on the lesser curve near the gastroesophageal junction. 


With colonic lesions its value is enormous. Here again in some 
cases the bleeding was not coming from the obvious lesion (such 
as sigmoid diverticulitis) but from a bleeder in an apparently 
normal looking colon. 

The average time for the performance of the complete arterio- 
gram was less than one hour. We feel that selective arteriography 
is an extremely valuable tool in the diagnosis of acute gastroin- 
testinal bleeding. 


Dr. WiLLIAM S. BLAKEMORE (Philadelphia): About 10 years 
ago we considered new approaches to the problems associated 
with gastrointestinal bleeding because of the high mortality for 
emergency operative procedures and the concomitant lack of diag- 
nostic procedures. Acquainted with some of the information on 
organ catheterization from Scandinavian investigators, Dr. M. 
Nusbaum and Dr. S. Baum worked in the laboratory, and after 
early clinical experience now we can see several distinct areas 
that are being studied. 

One area is that of diagnostic procedure. When the technical 
details are satisfactory and the bleeding of a patient cannot be 
demonstrated radiographically, we have confidence that the pa- 
tient does not have arterial bleeding at the time of the study. 
Many details regarding other diagnostic uses have been discussed 
in earlier publications. 

For the problems related to treatment of arterial bleeding, we 
use surgical pituitrin. Dr. Nusbaum worked in the laboratory with 
various vasoconstrictive substances, showing the site of vascon- 
striction within the vascular system of the gastrointestinal tract 
was different with surgical pituitrin and catecholamines. The por- 
tal venous bed showed less constriction with the former and arterial 
constriction with both and did not show tachyphylaxis with pitui- 
trin. 

There are several precautions that should be documented. A 
survey film after the institution of pituitrin or one of the vaso- 
active substances is required to determine the response in that 
patient. The dosage is then varied to obtain the desired degree 
of arterial constriction. In more than 50 patients, we have had 
only one who did not respond to infusion for variceal bleeding. 
That patient, with incresed dosage, did not show arterial con- 
striction. In patients with arterial bleeding, the percentage of 
patients who stopped bleeding has not been as high. The main 
cause of failure has been the technical failures related to cathe- 
terizing the selected vessels. While it is not required to have this 
procedure done by a radiologist, experience by the man who 
performs it is required. He should give thought to the procedure 
beforehand and he should have certain equipment available. 

Television video and video tape replay are very helpful as are 
magnification technics developed by Dr. Baum, who is now at the 
Massachusetts General Hospital. We think the pituitrin should be 
continued for 24 to 48 hours after bleeding has been controlled 
because of the incidence of recurrent bleeding which is a greater 
risk to the patient than properly monitored infusion for this ex- 
tended period. The catheter should not be placed in or near the 
hepatic artery. The effects of long-term infusion on the liver are 
not known, but we suspect it might cause some damage. We do 
believe that you can give it safely in to the mesenteric arteries to 
the other organs, but it must be monitored by angiograms since 
excess vasoconstriction to the bowel may give you necrosis. 
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There remains to determine the role of vasodilatory drugs which 
we have found helpful in uncommonly occurring cases of nonoc- 
clusive mesenteric intestinal ischemia, seen with advanced heart 
failure and digitalis therapy. We have had success in this group 
of patients with intra-arterial drug therapy with prescaline or 
papaverine. 

I would ask the essayists if they have encountered difficulties in 
catheterizing the superior mesenteric artery and the comparative 
difficulty in catheterizing the inferior mesenteric artery, which 
are probably two of the main reasons we fail in colon infusions. 


Dr. Pune SANDBLOM (Lund, Sweden): We have also had 
the great privilege of having radiologists interested and experi- 
enced in this field, and we agree that in all cases of acute gastro- 
intestinal bleeders intra-arterial arteriography should be the first 
diagnostic procedure, especially during the bleeding period. 

I rise to show a few examples of more unusual bleeding points, 
which might not have been discovered without arteriography. One 
of the main advantages of the method is that one is able to find 
bleeding sources which would escape attention otherwise, and 
which would be very hard or impossible to find during exploratory 
laparotomy. 

[Slide] The first slide illustrates a case of severe gastrointes- 
tinal hemorrhage after trauma to the abdomen. The selective 
arteriography of the hepatic artery shows a cavity in the right 
lobe of the liver, thus demonstrating the site of a central liver 
rupture. 

Before we had the arteriography, it was often very difficult to 
localize the site of lesions in the liver, and therefore hard to do 
any accurate treatment. In this case, which was bleeding at the 
time, Dr. Enge in Oslo, who did the examination, Plewa 
through, and 2 minutes later [slide] found that the contrast from 
the cavity was flowing down the biliary tract, thus demonstrat- 
ing the communication between the artery and the biliary tract. 

Another case of very severe gastrointestinal hemorrhage [slide] 
showed the reason to be an aneurysm in the splenic artery which 
had ruptured into the pancreatic duct. During bleeding, we see 
the contrast flowing down into the duct. The patient was success- 
fully treated with resection of the pancreas and of the splenic 
artery. 

I have not brought the slides of three cases of small arterial 
aneurysms in the small intestine, which were localized and 
could be found at laparotomy due to the arteriography, and could 
be cured by intestinal resection. 

I agree that the treatment with the drugs described has less 
place in conditions with degenerative diseases in the arteries. I 
do not think it has proved very good in aneurysms, and neither 
for central liver ruptures as the arteries in the liver have very 
small ability to contract. 


Dr. MansHarr J. Onrorr (San Diego): Our own experience 
with several hundred patients who have been subjected to angi- 
ography for the diagnosis of upper gastrointestinal bleeding has led 
to great enthusiasm for the diagnostic use of this technic, and to 
continuing uncertainty about the therapeutic advantages of 
pharmacologic agents infused into the splanchnic circulation. Be- 
cause of this uncertainty, I would raise certain questions about 
conclusions concerning the value of pharmacologic control of 
bleeding. 

First, the question is: In how many patients would the bleed- 
ing have stopped without the use of pharmacologic agents? I 
believe this to be a legitimate question. We all know that pa- 
tients with diverticular hemorrhage frequently stop spontaneously. 
That is certainly true of patients with gastritis; and I believe this 
issue must be settled before a definitive conclusion can be reached. 


BRANT, ROSCH AND KRIPPAEHNE 


Ann. Surg. * Sept. 1972 


Second, I would ask the authors: How many attempts failed 
to get the catheter into the artery for infusion? We have been 
told about the successes, and they are impressive, but our own 
experience has indicated that there is a substantial number of 
patients who cannot be catheterized, and therefore can not be 
subjected to either diagnostic or therapeutic use of this ap- 
proach. 

In particular regard to the use of infusion of Pitressin to con- 
trol bleeding from esophageal varices, our own experience, that 
of the group in Rochester and the reports of some seven or eight 
groups, this procedure has controlled temporarily the bleeding in 
88% of the patients. From the various groups that have been inter- 
ested in this approach, no one yet has commented on the effects 
of this approach on over-all mortality. 

That is really the crux of the problem. The temporary control 
of bleeding from esophageal varices in cirrhotic patients by one 
means or another is not the problem; it is the influence of this ap- 
proach on the survival of bleeding cirrhotic patients. I would ask 
if there is information about this point. 

Finally, it has been our experience that the incidence of com- 
plications associated with this technic in the cirrhotic patient is 
higher, particularly the development of hematoma and bleeding 
at the site of catheter insertion, because of the coagulopathy 
which is well known to be associated with this disease. 

I am amazed that the complication rate was so low; but of 
course the number of cirrhotics in this study is small. I would 
wonder, if this were used as a general approach to the control 
of bleeding esophageal varices in cirrhosis, if the complication 
rate just from the insertion of the catheter and prolonged in- 
fusion might not be considerably higher. 


Presipent Moore: I would like to ask Dr. Krippaehne if he 
has added the infusion of some small, soft clot through the catheter 
in patients who would not respond to pharmacology? 


Dn. WiLLIAM W. KnmiePAEHNE (Closing): Dr. Orloffs ques- 
tions are appropriate but from this limited experience one cannot 
statistically separate and define exactly what the survival im- 
provement would be if any. We must set up a prospective study 
to answer this which we plan to do. 

In our series we had technical difficulty in catheterizing a vessel 
selectively in only one patient with a huge liver. 

In the different categories of bleeding patients as we have 
separated them, we may have influenced survival in patients with 
varices bleeding in two to four of that group. In massive bleed- 
ing from chronic peptic ulcer we may have influenced survival in 
one. In the mixed non-peptic ulcer arterial bleeding many of this 
group have self-limited bleeding as a common pattern. However, 
one had bled 30 units of blood and was continuing to bleed after 
an emperic left colon resection. The diagnosis to locate the site of 
hemorrhage was important and he also stopped bleeding with 
infusion. In the group with gastritis and superficial ulceration we 
may have influenced survival in four of the 16 patients. 

In answer to Dr. Moore's question, Dr. Rösch infused an 
autologous clot through the catheter into the bleeding artery of 
one patient which stopped the bleeding. In patients with platelet 
deficiencies and bleeding from gastritis, we have infused platelets 
directly through the catheter into the arterial supply from which 
the bleeding small vessels received their major blood supply. This 
has resulted in cessation of bleeding. In thrombocytopenia and 
thrombopathic states the selective infusion of platelets probably 
deserves further trial and comparison with intravenous platelet 
infusions, In the platelet defect associated with uremia, dialysis 
would appear to offer advantages in correcting the fundamental 
disorder. 
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Naturally, an imitation does not equal the original. 
Synthetic chemicals often lack some vital oi S 
in the natural medicinal. ew 

Take SENOKOT Tablets/ Granules, for bxarnplel This 
highly effective laxative gets a head start from Mother Nature 
— natural senna from the Cassia acutifolia plant has been 
used as a laxative for over 1500 years. In SENOKOT prepara- 
tions, this natural vegetable laxative is purified and refined 
into one of the most modern, virtually colon-specific, 
predictably gentle anticonstipants your patients can use. 

So when the situation calls for a gentle, predictably: 
effective laxative, why not make the natural choice— 
SENOKOT Tablets or SENOKOT Granules. 

Supplied: SENOKOT Tablets (small, easy-to-swallow) 
— Bottles of 50 and 100. SENOKOT Granules (delicious, 
cocoa-flavored) — 4, 8 and 16 ounce (1 Ib.) canisters. 
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when nutritional 
supplementation 
is indicated 


tablets 


is therapy 


With balanced, high potency 
B-complex and C vitamins. 
No odor. 

Virtually no aftertaste. 
Lowest priced Rx formula. 


Regional enteritis is revealed in this x-ray. The diagnostic 
signs include scattering (A), “moulage sign” or claylike 
clumps (B), destruction of the terminal ileal mucosa (C), 
and fistulation adjoining the terminal ileum (D). There is 
no thickening of the bowel mucosa or fistulation in 
malabsorption syndrome. 


Please see Complete Prescribing Information, a sum- 
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When the ambulatory patient requires prompt, effective 
relief of moderate to severe pain, the advantages of 
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a acts within 15 minutes; controls pain for more than 

5 hours. 
= well-tolerated — minimal nausea and vomiting. 
a effective not only parenterally, but also “... when given 
rectally and orally..."* 
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A Dulcolax suppository 
can do anything an enema can — 
except scare people. 


Just one suppository usually assures a predictable 
bowel movement in 15 minutes to an hour. Gone are the tubing, the 
"accidents," and the bruised egos associated with enemas. 

For preoperative preparation, the combination of 
tablets at night and a suppository the next morning usually cleans the 
bowel thoroughly. Suppositories may also be particularly helpful when 
straining should be avoided,as in postoperative care. 

As with any laxative, abdominal cramps are occasion- 
ally noted. Dulcolax is contraindicated inthe acute surgical abdomen. 


Dulcolax...the cure for enemaphobia 
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Improbably Jungle “Gland Land” By Dr. Meyer Emanuel. Number 3 in a series. 

A composite of all types of glands of internal and external secretion simulates a lush tropical growth. 
For a handsome 12" x 17" reproduction of this painting suitable for framing 

write Seamless, Dept. 00, New Haven, Connecticut 06503. 


We thought 


of why you should 
have our surgical gloves on hand. 


What you're looking at 
is Gland Land. A paint- 
ing that finds its inspira- 
tion in the microscopic 
appearance of gland 
structures. Combining 
elements of realism 
with the abstract, itis a 
decidedly original state- 
ment in art. 


The original, the 
uncommon, the unique 
is the result of seeing 
things differently. And 
although we witness 
the effect of it most dra- 
matically in art, itis also 
manifested in hospital 
care products. 





Take our Dual-Finish™ 
Surgeons’ Gloves for 
example. They’re the 





wed painta clear picture 


more important, the 
Dual-Finish Glove was 
designed with patient 
benefit in mind by 
virtually eliminating 
the dangers of powder. 
The picture is clear, 
Seamless surgical 
gloves are hands down 
the finest. Seamless, a 
division of Dart Indus- 
tries, Inc., New Haven, 


Connecticut. 
result of seeing glove — 


making differently. 

Their features attest to 
it. Expertly made, they 
provide extra comfort, 
offer exceptional sensi- 
tivity, render lasting 

durability and don with 
the greatest of ease. But, 


creative ideas in surgical gloves 
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leam. Furacin encourages infection-free SENSITIZATION: Sensitization to Furacin is rarely seen in burns 

e à š . s and s cal practice, the reported incidence not € 5% 
healing, is nonmacerating, nonirritating, The reported overall incidence of sensitization is low 
. . P including those reactions which occur when treating 
nontoxic to tissue. Furacin seldom ulcers, notoriously sensitive to many agents. In thes 
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sensitizes and development of bland ointment. To minimize any adverse effect restrict application 
d where possible to 5 to 7 days, and remove m atior 


n by irrig 

tion at first sign of irri J 
not replace surgical procedur he se icated; 
however it is a useful adjunct. 
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NEW PERSPECTIVES ON GASTROENTEROLOGY (a 









Early in this century Edkins 
showed that the intravenous in- 
jection of an extract of antral 
mucosa would stimulate gastric 
acid secretion. He gave the name 
gastrin to this proposed hormone. 
After Komarov substantiated the 
presence of such a hormone, 
Gregory and fellow workers iso- 
lated, characterized, and synthe- 
sized the polypeptide. Gastrin not 
only has an important influence 
on acid secretion, but also plays 
a major role in other gastrointes- 
tinal functions. 

Structure 
Antral gastrin contains 17 amino 
acids. It is remarkable that a 4 
amino acid segment, the carboxyl 
terminal portion, can reproduce 
all the activities of which the 
whole molecule is capable. 
Gastrin and feedback 
mechanism of acid secretion 
Gastrin is produced primarily by 
the mucosal cells in the gastric 
antrum, the distal non-acid se- 
creting portion of the stomach. 
The hormone stimulates the pari- 
etal cells in the fundus and body 
of the stomach to produce acid, 
and a negative feedback mecha- 
nism is initiated. Acid bathing 
the antrum acts directly on the 
gastrin-producing cell to inhibit 
release of the hormone. | 
Gastrin and the 
[. lower esophageal sphincter. 
Contraction of the gastroesopha- 
eal sphincter is stimulated by 
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Gastrin: an updated look at an important hormone 


gastrin. The sphincter muscle is 
more sensitive to the effects o! 
gastrin than adjacent esophagee 
muscle. The efficacy of antacid 
therapy in reflux esophagitis may 
be due, in part, to the release of 
antral gastrin. Antacids neutral- 
ize gastric acid and raise the pH 
in the antrum. The gastrin which 
is then released increases the 
strength of the sphincter, which 
acts as a barrier against reflux. 


Some other actions of gastrin 


Beyond gastrin's prime role as a 
stimulator of gastric acid produc- 
tion, gastrin also acts on other 
parts of the G.I. tract. On the 
stomach, to stimulate (albeit 
weakly) pepsin production and in- 
crease gastric antral motility. On 
the pancreas, by stimulating en- 
zyme secretion. On the liver, bv 
increasing the flow of bile. On the 
intestine, by inhibiting absorp- 
tion of water and electrolytes, and 
—possibly—increasing motility. 
And, on the ileocecal sphincter, 
by relaxing it (contrary to its ac- 
tion on the gastroesophageal 
sphincter), and perhaps contrib- 
uting to the gastro-colic reflex. 


Excessive gastrin production 


It would be expected that if the 
stomach could not produce acid, 
gastrin release would continue 
unabated. Indeed such is the case 
in pernicious anemia, where there 
is achlorhydria, and circulating 
gastrin levels are very high. Alka- 
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linization of the antrum, vagal 
stimulation, and mechanical dis- 
tension of the antrum all provoke 
gastrin release. 

In the Zollinger-Ellison syn- 
drome the radioimmunoassay of 
gastrin may be the best diagnos- 
tic technique. The islet-cell tumor 
produces large amounts of gas- 
trin, leading to gastric hyperse- 
cretion and often intractable ulcer 
disease. Another situation in 
which gastrin levels may be high, E 
is when the antrum is retained 
after gastric resection. Here the { 
antrum is removed from the in- 
hibitory effects of acid, and hy- 1 
persecretion of gastrin occurs. 


Some therapeutic implications 


Obviously surgical removal of the 
antrum. will lower gastric secre- 
tion as therapy for peptic ulcer 
disease. But other ways of antag- 
onizing gastrin are being inves- 
tigated. Some substances havea 
close structural similarity to the 
gastrin molecule. For example, | 
cholecystokinin, the intestinal g 
hormone, and caerulein, a mate-§ 
rial extracted from the skin off 
amphibians, contain in theidi 
structure a sequence of amings 
acids identical to the active t 
minal portion of gastrin. Th& 
substances are competitive am 
hibitors of gastric secretion. They 
combine with the receptor site for 
acid secretion, cause little stimu- 


lation of the receptor, and thus 
occlude the site. A 
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Keys 
. Gastrin-producing cells in antrum begin 


secreting in response to elevated pH of stomach. 


. Gastrin stimulates parietal cells in body 
and fundus to secrete gastric acid. 

. Contraction of gastroesophageal sphincter 
facilitated by gastrin. 

. Resulting HCI, produced by parietal cells, 
inhibits further release of gastrin. 


Camalox: 


The pleasant 


answer to 
unpleasant 
problems of 
hyperacidity 


Ever since Camalox was introduced, 
physicians have been making the dis- 
covery that here, indeed, is an ant- 
acid that does what an antacid is 
designed to do. 

And does it most agreeably. 

It neutralizes excess acid—associ- 
ated with peptic ulcer, gastritis, 
esophagitis, hiatal hernia and heart- 
burn. 

Fast. And thoroughly. 

Consider the patient suffering from 
hiatal hernia, with accompanying 
esophageal reflux—it is postulated 
that the release of gastrin during ant- 
acid alkalinization of gastric contents 
may help the gastroesophageal 
sphincter constrict, thereby helping to 
stop reflux and subsequent heartburn. 


There’s something else: Non-co 
stipating Camalox, with its balancq 
formulation made by a special pro 
ess*, is smooth, non-gritty. Thes 
qualities, together with its refreshi 
vanilla-mint flavor, make it easy 
take. The first time. Or the hundredt 

And considering that many patien 
have to spend weeks, months—evd 
years—on antacid therapy, this is 
small consideration. 

Next time you've got a patient wi 
hyperacidity, prescribe Camalox. 

It's the pleasant answer...to an u 
pleasant condition. 


Composition: Balanced formulation of mag 
sium and aluminum hydroxides with calci 
carbonate. 

Indications: As an antacid in the treatment a 
management of peptic ulcer, gastritis, gast 
hyperacidity, hiatal hernia, peptic esophagit 
heartburn, indigestion, and upset stomach. 
Warning: Camalox should not be used in p 
tients who are severely debilitated or suffd 
ing from kidney failure. 

Supplied: Camalox Tablets—bottles of 50 ta 
lets and boxes of 100 tablets (in foil strip 
Camalox Suspension—white liquid in conve 
ient 12 fluid ounce plastic bottles and eq 


nomical 16 ounce (pint) bottles. 
*Patent Vion 


magnesium and aluminum OX 
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with calcium carbonate 


WILLIAM H. RORER, INC. 
Fort Washington, Pa. 19034 





Traumatic wounds 
complicated by infectiori-an urgent concern 


*due to susceptible organisms 





Before Administration of Loridine 


1. Determine renal status before 
initiating therapy. 

2. In patients with renal impair- 
ment, reduced dosage should be em- 
ployed. Other antibiotic therapy 
should be considered if impairment is 
due to acute tubular necrosis. 


3. As with other antibiotics, appro- 
priate specimens for culture and sus- 
ceptibility testing should be obtained. 


4. Use cautiously with other poten- 
tially nephrotoxic antibiotics (e.g., 
gentamicin, kanamycin, colistin, and 
polymyxin B), in penicillin-allergic pa- 
tients, and in those receiving potent 


— haloridi 
Loridine I. M. 5502 ampoule 
therapy worthy of consideration 





Traumatic wound infections often require the 
rapid and effective action that Loridine I.M. can provide 
when they are due to susceptible organisms. 

Loridine is active in vitro against many pathogens that 
may cause skin and soft-tissue infections, including sus- 
ceptible strains of staphylococci, Escherichia coli, and 
streptococci, and is also effective in the presence of mixed 
infections. 

One dose of Loridine provides measurable serum levels 
of antibacterial activity up to twelve hours. 

These are a few of many reasons why Loridine provides 
therapy worthy of consideration. 


1Many strains of enterococci are relatively resistant. Some strains of staphy- 
lococci are resistant. Pseudomonas organisms are resistant, as are most indole- 





diuretics, such as furosemide or etha- 
crynic acid. 


During Administration of Loridine 


l. Because of potential nephrotox- 
icity, daily dosages above 4 Gm. are 
not recommended for patients with 
normal renal function. The usual 
range for adults is 1.5 to 3 Gm. daily. 
In patients with renal impairment, 
recommendations in the package lit- 
erature should be followed for main- 
tenance dosage after a loading dose 
of 0.5 to 1 Gm. If an endogenous 
creatinine clearance is considered 
more desirable than available BUN or 
serum creatinine concentrations for 
establishing the maintenance dosage, 


producing Proteus species and motile Enterobacter species. 


200308 


the initial loading dose may be given 
and results of that test obtained dur- 
ing the ensuing six or eight hours. If 
renal function improves during ther- 
apy, readjustment of dosage may be 
desirable. 


2. Maintain proper hydration. 


3. Monitor renal status. Renal im- 
pairment may be indicated by the ap- 
pearance of urinary casts, proteinuria, 
oliguria, a rising BUN or serum creat- 
inine, or a decreasing creatinine 
clearance or urine/plasma creatinine 
ratio. 


4. |f impaired renal function devel- 
ops or worsens during therapy, dis- 
continue use. 


Please turn page for prescribing information. 


oye fo haloridi 
[| Loridine I M. 599m ampout 


Because of nephrotoxicity (e.g., tubular necrosis) of cephaloridine 
in dosages above 4 Gm. daily (see Warnings and Adverse Reactions), 
recommended doses should not be exceeded. Renal status of the pa- 
tient should be determined prior to initiation of therapy. Patients 
with known or suspected impairment of renal function should be under 
close clinical observation for changes in renal function or be hospitel- 
ized, and reduced dosage should be employed. If impaired renal func- 
tion develops during therapy, cephaloridine should be discontinued. 
Actions: Human Pharmacology —Peak blood levels of 7 and 14 mcg. 
per ml. respectively were obtained in one-half to one hour following 
intramuscular doses of 250 and 500 mg. in humans. Measurable 
levels of cephaloridine persisted for longer than twelve hours. 

Loridine is excreted unchanged largely by glomerular filtration. 
Doses of 250 and 500 mg. produced very high antibacterial con- 
centrations in the urine, in some instances approaching 1,000 
mcg. per ml. 

Its nucleus and degradation products differ from those of peni- 
cillin. However, some patients who are allergic to penicillin or to 
other cephalosporins may also be allergic to Loridine. 

Microbiology—The in-vitro bactericidal action of Loridine results 
from inhibition of cell-wall synthesis. It is not bound significantly 
to plasma protein. 

Loridine is active against the following organisms in vitro: 

Beta-hemolytic and other streptococci (many strains of enter- 
ococci, e.g., Streptococcus faecalis, are relatively resistant) 

Staphylococci, both coagulase-positive and coagulase-negative 
(some strains of staphylococci are resistant to cephalor- 
idine) 

Pneumococci 

Gonococci 

Hemophilus influenzae 

Escherichia coli and other coliform bacteria 

Klebsiella 

Proteus mirabilis 

Loridine is active against Treponema pallidum in animal studies. 

All tested strains of group A streptococci, pneumococci, and 
penicillin-G-susceptible staphylococci are susceptible to Loridine. 
However, some strains of penicillinase-producing staphylococci are 
resistant in vitro to concentrations of Loridine that can be achieved 
in the serum. The majority of strains of H. influenzae, Pr. mirabilis, 
Esch. coli, and Klebsiella are also susceptible in vitro. 

Pseudomonas organisms are resistant to Loridine, as are most 
indole-producing Proteus species and motile Enterobacter species. 


Indications: Loridine is indicated in the treatment of serious infec- 
tions of the respiratory tract, genito-urinary tract, bones and joints, 
bloodstream, soft tissue, and skin due to susceptible strains of the 
organisms listed above. It is also indicated for therapy of early 
syphilis when penicillin may be contraindicated. (See Warnings in 
regard to cross-sensitivity with penicillin.) It is indicated in the 
treatment of gonorrhea when penicillin is not considered the drug 
of choice. 

Appropriate culture and susceptibility studies should be per- 
formed. If the susceptibility tests show that the causative organism 
is resistant to Loridine, other appropriate antibiotic therapy should 
be instituted. 

Contraindications: Loridine is contraindicated in those persons who 
have shown hypersensitivity to it or other cephalosporins. 

Warnings: IN PENICILLIN-SENSITIVE PATIENTS, CEPHALOSPORIN C DERIVATIVES 
SHOULD BE USED WITH GREAT CAUTION. THERE IS CLINICAL AND LABORATORY 
EVIDENCE OF PARTIAL CROSS-ALLERGENICITY OF THE PENICILLINS AND THE 
CEPHALOSPORINS. INSTANCES OF PATIENTS WHO HAVE HAD SEVERE REACTIONS 
TO BOTH DRUGS, INCLUDING DEATH FROM ANAPHYLAXIS, HAVE BEEN REPORTED. 

Impairmert of renal function during treatment may be indicated 
by the appearance of casts in the urine, proteinuria, falling urinary 
output, a rising BUN or serum creatinine, or a decreasing creati- 
nine clearance or urine/plasma creatinine ratio. 

Cephaloridine should be given cautiously when used with other 
antibiotics having nephrotoxic potential, e.g., gentamicin, kanamy- 
cin, polymyxin B, and colistin. 

The results of experimental studies in animals suggest that the 
concurrent use of potent diuretics, such as furosemide or etha- 
crynic acid, may increase the risk of renal toxicity. 

Usage in Pregnancy—Safety of this product for use during preg- 
nancy has not been established. 

Precautions: In the case of infections due to beta-hemolytic strep- 
tococci, antibiotic therapy should be continued for at least ten days. 

In the therapy of gonorrhea, patients in whom there is reason to 
suspect concomitant syphilis should have dark-field examinations 


of all suspect lesions before treatment and monthly ‘serologic tests 
for a minimum of three months. 

Indicated surgical procedures should be performed in conjunc- 
tion with antibiotic therapy. 

Superinfections may develop with organisms not in the spectrum 
of Loridine, particularly Pseudomonas. These can be recognized by 
clinical observation and by means of appropriate cultures, If they 
occur, propor therapeutic measures should be taken. 

Since safety for use in premature infants and in infants under 
one month of age has not been established, administration of 
cephaloridine to these patients is not recommended. 

A false-positive reaction for glucose in the urine may occur with 
Benedict's or Fehling's solution or with Clinitest® tablets but not 
with Tes-Tape? (urine sugar analysis paper, Lilly). 


Adverse Reactions: Hypersensitivity —Maculopapular and erythem- 
atous rashes, urticaria, and anaphylaxis have been reported. 
Drug fever and eosinophilia also have been noted. Hypersensitivity 
reactions are more likely to occur in patients with a history of 
allergy, particularly to penicillin. 

Blood—Neutroperia and leukopenia have been reported. Some 
individuals heve developed positive direct Coombs tests during 
therapy. 

Liver—Transient elevations of transaminase and alkaline phos- 
phatase levels have been noted. The significance of these findings 
is uncertain. 

Renal—Severe, acute renal failure, in some cases terminating 
in death, has occurred in a small number of patients receiving 
Loridine. The possibility of this complication seems to be greater 
in seriously ill patients given more than recommended doses. 
Acute tubular necrosis has been noted in affected patients coming 
to autopsy. 

Local Reactions—Pain on I.M. injection of Loridine is rare, and 
phlebitis on I.V. injection occurs infrequently. 

Other—Nausea and vomiting have been reported. 


Administration and Dosage: Loridine should be dissolved in either 
Sodium Chloride Injection or Sterile Water for Injection. (See the 
package literature for Dilution Table.) 

Intramuscular Injection—Loridine is usually injected into a large 
muscle mass, for example, the gluteal region or the lateral aspect 
of the thigh. 

The usual adult dosage for many infections of moderate severity 
is 500 mg. to 1 Gm. three times a day at equally spaced intervals, 
Milder and more susceptible infections have been treated with 250 
to 500 mg. given two or three times a day. More severe infections 
may be treated with 500 mg. to 1 Gm. four times a day. 

A single 2-Gm. dose is recommended for the treatment of acute 
gonorrhea 

Early syphilis may be treated with 500 mg. to 1 Gm. daily for ten 
to fourteen days. 

If more than 2 Gm. of cephaloridine is injected daily, the patient 
should be under close clinical observation for changes in renal 
function or be hospitalized. In addition, reduced dosage should be 
employed in patients with known or suspected renal impairment 
(see package literature). 

In children, a daily total of 30 to 50 mg. per Kg. (15 to 25 mg. 
per pound) of body weight, given in divided doses, has been found 
effective for mild to moderately severe infections. A daily total of 
100 mg. per Kg. (50 mg. per pound) of body weight (not to exceed 
recommended adult doses) may be needed for very severe infec- 
tions. Since safety for use in premature infants and in infants 
under one morth of age has not been established, the use of cepha- 
loridine in these patients is not recommended. 

In both adults and children, failures have appeared to be related 
more closely to insusceptibility of the organism or poor general 
condition of the patient than to inadequate dosage. 

Intravenous Injection—In the presence of extremely serious in- 
fections (such as bacteremia) or when any infection seems over- 
whelming, intravenous administration may be indicated. 

Total daily dosages are the same as with intramuscular injection. 
For very susceptible organisms, 500 mg. to 1.5 Gm. per day may 
suffice; for less susceptible organisms and for serious infections, 
2 to 4 Gm. per day may be needed. 


How Supplied: Ampoules Loridine® (cephaloridine, Lilly), 500 mg., 

5-ml. size, rubber-stoppered; 1 Gm., 10-ml. size, rubber-stoppered. 
[020472] 

Additional information available to the profession on request. 

Eli Lilly and Company 


Indianapolis, Indiana 46206 200308 








Microbicidal power * 
of BETADINE SURGICAL 
SCRUB was used in Apollo 
11/12/14 Selashdowse 


Prep with 


Surgical Scrub/Solution/AerosÓl 


Golden microbicidal lather of BETADINE SURGICAL SCRUB 
for optimal preoperative skin degerming — Selected by NASA 
for decontamination procedures in Apollo 11/12/14 
Splashdowns, BETADINE SURGICAL SCRUB offers unique 
advantages for preoperative degerming of the skin of your 
patients. It kills bacteria (both gram-positive and gram- 
negative), fungi, viruses, protozoa and yeasts. It is fully micro- 
bicidal with each application —there is no waiting for a 
gradual antibacterial buildup. 





Enhance antisepsis with BETADINE SOLUTION or BETADINE 
AEROSOL SPRAY — After prepping the operative site with BETADINE 
SURGICAL SCRUB, paint with BETADINE SOLUTION or spray with 
BETADINE AEROSOL SPRAY. Both are fully microbicidal, film-forming, 
exert longer microbicidal action than iodine tincture, and maintain ga» 
microbicidal action in the presence of blood, pus, serum or necrotic 
tissue. The site of application can be bandaged or taped. 


To help prevent postoperative infection —Reapply BETADINE 
SOLUTION or BETADINE AEROSOL SPRAY after suturing 

and during redressing. BETADINE microbicides are virtually 
nonirritating and do not stain skin or natural fabrics. In the rare 
instance of local irritation or sensitivity to BETADINE SURGICAL 
SCRUB, discontinue use in the individual. 
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Purdue Frederick 


© COPYRIGHT 1971, 1972, THE PURDUE FREDERICK COMPANY/YONKERS, NEW YORK 10701 114972 6791A 


Aixonevialof ELASE 
)owder with 50 to 
00 ml. of sodium chlo- 
ide solution and satu- 
ate strips of fine-mesh gauze 

vith the ELASE/saline solution. 


Allow gauze to dry in contact 
with the lesion (approximately six 

to eight hours). As the gauze dries, 
the necrotic tissues slough and 
become attached to the gauze mesh. 









Pack the ulcerated area with 
the ELASE-saturated gauze 
strips...making sure the satu- 
rated gauze remains in contact 
with the necrotic substrate. (If the 
lesion is covered with a heavy eschar, 
it must be removed surgically before — 
wet-to-dry debridement is begun.) 






Remove dried gauze. This 
mechanically debrides the 
area. Repeat wet-to-dry 
procedure three to four 
times daily since frequent 
dressing changes greatly 
enhance results. 

Note: After two, three, or four 
days of ELASE wet-to-dry 
dressings (depending onseverity 
of lesicn), the area becomes free 
of necrotic material and starts to 
fill in with granulation tissue. 


. the new way is 
wet-to-dry 
.debridement with 


| Elase solution 


(fibrinolysin and desoxyribonuclease, 





INDICATIONS: Elase is indicated 
for topical debridement in general 
surgical wounds, ulcerative 
lesions, burns, circumcision and 
episiotomy, and in cervicitis and 
vaginitis. Elase is used as an irri- 
gating agent in infected wounds, 
otorhinolaryngologic wounds, and 
superficial hematomas (except 
when the hematoma is adjacent to 
or within adipose tissue). 


CONTRAINDICATIONS: Elase is 
contraindicated in individuals 
with a history of hypersensitivity 
reactions to any of the compo- 
nents. Elase is not recommended 
for parenteral use since the bovine 
fibrinolysin may be antigenic. 


PRECAUTIONS: The usual precau- 
tions against allergic reactions 
should be observed, particularly 
in persons with a history of sensi- 
tivity to materials of bovine origin 
or to mercury compounds. 

To be maximally effective, Elase 
solutions must be freshly pre- 
pared before use. The loss in 
activity is reduced by refrigera- 


PARKE-DAVIS 


combined [ bovine] ) 


tion; however, even when stored 
in a refrigerator, the solution 
should not be used 24 hours or 
more after reconstitution. 


ADVERSE REACTIONS: Side 
effects attributable to the enzymes 
have not been a problem at the 
dose and for the indications 
recommended. With higher con- 
centrations, local hyperemia may 
be a side effect. 


HOW SUPPLIED: Elase (powder) 
is supplied dried in 30-cc. rubber- 
diaphragm-capped vials contain- 
ing 25 units (Loomis) of fibrinolysin 
and 15,000 units (modified 
Christensen method) of desoxyri- 
bonuclease with 0.1 mg. thimerosal 
(mercury derivative). 

Elase Ointment is supplied in 
30-Gm. tubes containing 30 units 
(Loomis) of fibrinolysin and 
20,000 units of desoxyribonu- 
clease with 0.12 mg. thimerosal 
and in 10-Gm. tubes containing 
10 units of fibrinolysin and 6,666 
units of desoxyribonuclease with 
0.04 mg. thimerosal. 


Parke, Davis & Company, Detroit, Michigan 48232 


ONE VIAL 


FIBRINOLY SIN AND DESUN 
RIBONUCLEASE, COMBINE 
(BOVINE) 


CAUTION —Federal law proda 
dispensing without pr 


30° . 
Stock 21-256-1 
E 
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A life-threatening staph* infection? 


Culture results 
tomorrow. 


Which antibiotic 
tonight? 


Initial therapy. 

Culture and susceptibility studies can easily eat up 24-48 hours. If you suspect 
penicillinase-producing staphylococci and must begin therapy before definitive 
culture results are known, Unipen Injection is particularly suitable? Appropriate 
specimens for bacteriologic studies should be taken prior to the first dose of anti- 
biotic to determine the causative organisms and their susceptibility'to nafcillin. 


Rapid penetration. 

Unipen appears rapidly in plasma following intramuscular administration. 
Penetrates body tissues in high concentration and diffuses well into pleural, 
pericardial and synovial fluids. 


"On call" capability. 
Reconstitutes in less than 60 seconds. Remains stable for 24 hours? 


*When caused by nafcillin-susceptible penicillinase-producing staphylococci 
tSee Important Note on page after next. 
tSee important information under Parenteral Administration on page after next. 


See important information (G) , 
on page after next. 


(sodium nafcillin) 


as the monohydrate, buffered, Wyeth 








Affords a specific approach 
to susceptible penicillinase- 
producing staph infections. 


UNIPEN 
[sodium nafcillin) 


as the monohydrate, buffered, Wyeth 


Ease of reconstitution plus 24-hour stability in 1.V. solu- 
tions put this potent antistaph agent ‘‘on call." 
No precipitation, less than 10% loss in activity in 1.V. 
solutions held at room temperature for 24 hours.1 

e 595 dextrose in water 

e 5% dextrose in 0.4% NaCl solution 

e |sotonic NaCl 

e Ringer's solution 

e M/6 sodium lactate solution (conc. of 30 mg/ml) 


+See “Intravenous Route" section of Brief Summary on this page. 


Indications 

The principal indication for sodium nafcillin is in the treatment of 
infections known to be due to penicillinase-producing staphylococci 
which have been shown to be sensitive to it. 

Bacteriologic studies to determine the causative organisms and 
their sensitivity to sodium nafcillin should be performed. 

If antibiotic therapy is considered necessary in potentially serious 
infections while awaiting reports of cultures and sensitivity studies, 
sodium nafcillin may be used to initiate therapy in such patients in 
whom a penicillinase-producing staphylococcus is suspected (see 
Important Note below). 

In serious, life-threatening infections, oral preparations of the 
penicillinase-resistant penicillins should not be relied on for initial 
therapy. 

Important Note 

When it is judged necessary that treatment be initiated before 
definitive culture and sensitivity results are known, the choice of 
sodium nafcillin should take into consideration the fact that it has 
been shown to be effective only in the treatment of infections caused 
by pneumococci, Group A beta-hemolytic streptococci and penicillin 
G-resistant and penicillin G-sensitive staphylococci. If the bacteri- 
ology report later indicates the infection is due to an organism other 
than a penicillin G-resistant staphylococcus sensitive to sodium naf- 
cillin, the physician is advised to continue therapy with a drug other 
than sodium nafcillin or any other penicillinase-resistant semi- 
synthetic penicillin. 

Methicillin is a compound that acts through a mechanism similar 
to that of sodium nafcillin against penicillin G-resistant staphylo- 
cocci. Strains of staphylococci resistant to methicillin have existed 
in nature and it is known that the number of these strains reported 
has been increasing. Such strains of staphylococci have been 
capable of producing serious disease, in some instances resulting 
in fatality. Because of this there is concern that widespread use of 
the penicillinase-resistant penicillins may result in the appearance 
of an increasing number of staphylococcal strains which are re- 
sistant to these penicillins. 

Methicillin-resistant strains are almost always resistant to all 
other penicillinase-resistant penicillins (cross resistance with ceph- 
alosporin derivatives also occurs frequently). Resistance to any 
penicillinase-resistant penicillin should be interpreted as evidence 
of clinical resistance to all, in spite of the fact that minor variations 
in in vitro sensitivity may be encountered when more than one 
penicillinase-resistant penicillin is tested against the same strain 
of staphylococcus. 

Routine methods of antibiotic sensitivity testing may fail to detect 
strains of organisms resistant to the penicillinase-resistant penicil- 
lins. For this reason, the use of large inocula and 48-hour incubation 
periods may be needed to obtain accurate sensitivity studies with 
these antibiotics. 

Contraindications 

A history of allergic reaction to any of the penicillins is a contra- 

indication. 


Warnings 

Serious and occasionally fatal hypersensitivity (anaphylactoid) re- 
actions have been reported in patients on penicillin therapy. Although 
anaphylaxis is more frequent following parenteral therapy it has 
occurred in patients on oral penicillins. These reactions are more 
apt to occur in individuals with a history of sensitivity to multiple 
allergens. 

There have been reports of individuals with a history of penicillin 
hypersensitivity reactions who have experienced severe hypersen- 
sitivity reactions when treated with a cephalosporin. Before therapy 
with a penicillin, careful inquiry should be made concerning previous 
hypersensitivity reactions to pencillins, cephalosporins, and other 
allergens. If an allergic reaction occurs, appropriate therapy should 
be instituted, and discontinuation of nafcillin therapy considered. 
The usual agents (antihistamines, pressor amines, corticosteroids) 
should be readily available. 


Precautions 

As with any potent drug, periodic assessment of organ system 
function, including renal, hepatic and hematopoietic, should be 
made during prolonged therapy. 

The possibility of bacterial and fungal overgrowth should be kept 
in mind during long-term therapy. If overgrowth of resistant organ- 
isms occurs, appropriate measures should be taken. 

The oral route of administration should not be relied upon in 
patients with severe illness, or with nausea, vomiting, gastric dilata- 
tion, cardiospasm or intestinal hypermotility. 

Safety for use in pregnancy has not been established. 

Particular care should be taken with intravenous administration 
because of the possiblity of thrombophlebitis. 


Adverse Reactions 

Reactions to sodium nafcillin have been infrequent and mild in 
nature. As with other penicillins, the possibility of an anaphylactic 
reaction or serum sickness-like reactions should be considered. A 
careful history should be taken. Patients with histories of hay fever, 
asthma, urticaria, or previous sensitivity to penicillin are more likely 
to react adversely. 

The few reactions associated with the intramuscular use of sodium 
nafcillin have been skin rash, pruritus, and possible drug fever. As 
with other penicillins, reactions from oral use of the drug have in- 
cluded nausea, vomiting, diarrhea, urticaria, and pruritus. 


Parenteral Administration 

It is recommended that parenteral therapy be used initially in 
severe infections. The patient should be placed on oral therapy with 
this product as soon as the clinical condition warrants. intravenous 
Route: |f given by intravenous infusion, use only these solutions— 
isotonic NaCl, 5% dextrose in water, 5% dextrose in 0.4% NaCl 
solution, Ringer's solution or M/6 sodium lactate solution (conc. of 
30 mg./ml.). Discard any unused portions of I.V. solutions after 24 
hours. The concentration of the antibiotic should fall within the 
range of 2 to 30 mg./ml. The drug concentrate and the rate and 
volume of the infusion should be adjusted so that the total dose of 
nafcillin is administered before the drug loses its stability in the 
solution in use. 

There is no clinical experience available on the use of this agent in 
neonates or infants for this route of administration. 

This route of adm nistration should be used for relatively short- 
term therapy (24-48 hours) because of the occasional occurrence of 
thrombophlebitis, particularly in elderly patients. 


Intramuscular route: After reconstitution, keep under refrigera- 
tion and use within 48 hours. The clear solution should be adminis- 
tered by deep intragluteal injection immediately after reconstitution. 


Ora! Administration 
Beta-hemolytic streptococcal infections should be treated for at 
least 10 days to prevent development of acute rheumatic fever or 
glomerulonephritis. 
If oral therapy is inadequate, resort to parenteral sodium nafcillin. 
After mixing, the oral solution must be stored in a refrigerator. 
Discard any unused portion after one week. 


Supplied 

INJECTION—Vials of 500 mg., 1 and 2 Gm. Each cc. after re- 
constitution contains 250 mg. nafcillin buffered with 10 mg. sodium 
citrate. Also available—CAPSULES—containing sodium nafcillin, 
as the monohydrate, equivalent to 250 mg. nafcillin buffered with 
calcium carbonate in bottles of 24 and 100, and REDIPAK® (strip 
pack) Wyeth, boxes of 25. FOR ORAL SOLUTION—Combination 
pkg. of vial of dry sodium nafcillin as monohydrate and bottle of 
diluent—provides 80 cc.of solution containing equivalent of 250 mg. 
nafcillin per 5 cc. Alcohol 2%. 


WYETH LABORATORIES PHILADELPHIA, PA. 


CAN I, fisTugFHATIV. 
FIND HAPPINESS WITH BOWEL STASIS? 





Of course not. That's why FLEET9 ENEMA 
is used so often on the third postopera- 
tive day. It virtually assures evacuation 
without pain or discomfort. 

FLEET ENEMA cleanses the left colon 


and rectum in minutes (five at the most), 
inducing a physiological pattern of evac- 


uation that spares bedridden patients 


FLEET ENEMA 
THE PROFESSIONAL 





the cramping of oral laxatives, the burn- 
ing of suppositories, and the irritation 
of soapsuds enemas. 

And FLEET ENEMA is completely, but 
completely, disposable: there's nothing 
to fill, nothing to assemble, nothing to 
clean. 


FLEET ENEMA. Happiness for the post- 





TIENT 


operative patient with bowel stasis and 
for his doctor. 


Warning: Frequent or prolonged use of enemas 
may result in dependence. Take only when 
needed or when prescribed by a physician. Do 
not use when nausea, vomiting, or abdominal 
pain is present. Caution: Do not administer to 
children under two years of age unless directed 
by a physician. 

C. B. FLEET CO., INC. 


Fleet Lynchburg, Va. 24505 


The management of anxiety in hospitalized : 
patients: some important considerations 


Not all hospitalized anxious patients 
require antianxiety medication 

A certain amount of anxiety is normal to the 
experience of hospitalization. The patient is sepa- 
rated from his family, finds himself in strange 
surroundings and is uncertain of what lies ahead. 
Such anxiety, appropriate to the patient's situ- 
ation, will nct require antianxiety drug therapy 
unless it becomes unduly pronounced or inter- 
feres with medical procedures. Various factors 
must be weighed before undertaking treatment 
of patients with clinically significant anxiety. 
Some important considerations are: 


1. Is the patient experiencing a level 
of anxiety normal to hospitalization? 

It is quite possible that the patient's anxiety 
is appropriate in relation to the situation he is in 
and may even help facilitate his adaptation to it. 
However, when anxiety is elevated to the point 
where it interferes with diagnostic, medical or 
surgical procedures through its effects on body 
function and behavior, it becomes both dispro- 
portionate and deleterious, and suitable anti- 
anxiety medication may be indicated. 


2. Is the patient's anxiety a significant 
factor in functional complaints or organic 
symptoms? 

If the patient's anxiety provokes functional 
complaints or exacerbates organic symptoms, it 
assumes clinical significance and adjunctive anti- 
anxiety medication may be indicated. Reduction 
of excessive anxiety may be attended by sympto- 
matic relief when the anxiety induces or compli- 
cates syndromes affecting the cardiovascular, 
gastrointestinal, musculoskeletal or other body 
systems. 


3. Does the patient's level of anxiety indi- 


cate the need for psychiatric consultation? 


If the patient is severely disturbed, registering 
acute anxiety, a consultation should be considered. 


The patient may require the specialized attention 
of a psychiatrist or psychiatric facility. 


4. Will the patient's anxiety adversely 
affect diagnostic or surgical procedures? 

Anxiety of excessive magnitude can be dis- 
ruptive of medical procedures. Librium (chlordi- 
azepoxide HCI) can reduce anxiety to appropriate, 
tolerable levels, thus promoting improved physician- 
patient rapport and encouraging patient 
participation in such procedures 
as may be required. 


5. Will reas- 
surance alone be 
sufficient, ren- 
dering antianxi- 
ety medication 
unnecessary? 

Where anxiety 
is not especially 
marked, it is often 
feasible to relieve the 
patient's apprehen- 
sion by counseling and 
reassurance without 
resort to antianxiety 
medication. 


"Y 






6. In view of the patient's age and con- 
dition, what is the proper dosage of Librium 
(chlordiazepoxide HCI) to be employed 
when required? 

The appropriate dose of Librium will vary 
from as little as 5 mg daily to 100 mg daily, de- 
pending on the patient's age, physical condition 
and the severity of the symptoms of anxiety. 
Initial dosage should be decreased or increased 
as indicated, and antianxiety medication should 
be discontinued when no longer required. For 
preoperative anxiety, Librium may be given in 

dosage of 5 to 10 mg orally t.i.d. or q.i.d. 
on days preceding surgery; as pre- 
operative medication, 50 to 
100 mg I.M. is given 

one hour prior to sur- 

gery when indicated. 
(Complete product in- 
formation should be con- 
sulted before prescribing 
Librium.) 






7. Is concomitant therapy indicated? 

In many cases anxiety is associated with func- 
tional or organic disorders requiring primary 
medication. If the anxiety is clinically significant, 
Librium (chlordiazepoxide HCl) is used concomi- 
tantly with certain specific medications of other 
classes of drugs, e.g., cardiac glycosides, diuretics 
and antihypertensive agents. 


8. For how long should therapy be 
continued? 

Therapy with Librium should be continued 
only until the patient’s anxiety has been reduced 
to appropriate, tolerable levels. 


9. What specific precautions should be 
observed? 

In elderly and debilitated patients, it is 
recommended that the dosage be limited to the 
smallest effective amount to preclude the devel- 
opment of ataxia or oversedation (10 mg or less 
per day initially, to be increased gradually as 
needed and tolerated). In general, the concomitant 
administration of Librium and other psychotropic 
agents is not recommended. 


when effective antianxiety 
medication is indicated in the hospital 


Librium’ 
Chlordiazepoxide HCI) 
5-mg, 10-mg, 25-mg capsules 


Roche Laboratories 
Division of Hoffmann-La Roche Inc 
Nutley, N.J. 07110 


Please see following page for 
summary of product information —— 


Librium 


Chlordiazepoxide HCI) 


5-mg, 10-mg, 25-mg capsules 
up to 100 mg daily in severe anxiety 


Record of effectiveness 


The dependable antianxiety action of Librium 
(chlordiazepoxide HCl) has been demonstrated in 
over 12 years of clinical use in a broad range of 
applications: anxiety and tension occurring alone or 


in association with cardiovascular, gastrointestinal 


Mental acuity seldom impaired 


In proper maintenance dosage, Librium helps 
calm the anxious patient, usually without unduly 
interfering with mental acuity or ability to perform. 
It is thus especially useful in anxious patients who 
must continue to fulfill daily responsibilities. As is 


Suitable for extended therapy 


When extended antianxiety medication is indi- 
cated, Librium is particularly suitable because of 
its high patient acceptance, wide margin of safety 


and the fact that its benefits are usually maintained 


Before prescribing, please consult complete 
roduct information, a summary of which 
ollows: 
Indications: Relief of anxiety and tension 
occurring alone or accompanying various 
disease states. 
Contraindications: Patients with known 
hypersensitivity to the drug. 
Warnings: Caution patients about possible 
combined effects with alcohol and other 
CNS depressants. As with all CNS-acting 
drugs, caution patients against hazardous 
occupations requiring complete mental 
alertness (e.g., operating machinery, driv- 
ing). Though physical and psychological 
dependence have rarely been reported on 
recommended doses, use caution in admin- 
istering to addiction-prone individuals or 
those who might increase dosage; with- 
drawal symptoms (including convulsions), 
following discontinuation of the drug and 
similar to those seen with barbiturates, 
have been reported. Use of any drug in 
pregnancy, lactation, or in women of child- 
bearing age requires that its potential 
benefits be weighed against its possible 
hazards. 
Precautions: 
ORAL: In the elderly and debilitated and in 
children over six, limit to smallest effective 
dosage (initially 10 mg or less per day) to 
preclude ataxia or oversedation, increasing 
gradually as needed and tolerated. Not 
recommended in children under six. 
INJECTABLE: Keep patients under observa- 
tion, preferably in bed, up to three hours 
after initial injection; forbid ambulatory 
patients to operate vehicle following 
injection; do not administer to patients in 
shock or comatose states; use reduced 
dosage (usually 25 to 50 mg) for the elderly 
or debilitated and for children age twelve 
or older. 


ORAL AND INJECTABLE: Though generally 
not recommended, if combination therapy 
with other psychotropics seems indicated, 
carefully consider individual pharmaco- 
logic effects, particularly in use of potentiat- 
ing compounds such as MAO inhibitors 
and phenothiazines. Observe usual pre- 
cautions in presence of impaired renal or 
hepatic function. Paradoxical reactions 
(e.g., excitement, stimulation and acute 
rage) have been reported in psychiatric 
patients and hyperactive aggressive chil- 
dren. Employ usual precautions in treat- 
ment of anxiety states with evidence of 
impending depression; suicidal tendencies 
may be present and protective measures 
necessary. Variable effects on blood coagu- 
lation have been reported very rarely in 
patients receiving the drug and oral 
anticoagulants; causal relationship has not 
been established clinically. 

Adverse Reactions: Drowsiness, ataxia and 
confusion may occur, especially in the 
elderly and debilitated. These are reversible 
in most instances by proper dosage adjust- 
ment, but are also occasionally observed at 
the lower dosage ranges. In a few instances 
syncope has been reported. Also encoun- 
tered are isolated instances of skin erup- 
tions, edema, minor menstrual irregu- 
larities, nausea and constipation, extra- 
pyramidal symptoms, increased and 
decreased libido — all infrequent ard 
generally controlled with dosage reduction; 
changes in EEG patterns (low-voltage fast 
activity) may appear during and after 
treatment; blood dyscrasias (including 
agranulocytosis), jaundice and hepatic 
dysfunction have been reported occasion- 
ally, making periodic blood counts and liver 
function tests advisable during protracted 
therapy. 

With the injectable form, isolated instances 


and other disease states; and preoperative anxiety. 
When anxiety has been reduced to appropriate, 
tolerable levels, therapy with Librium 
(chlordiazepoxide HCI) should be discontinued. 


true of all CNS-acting drugs, when therapy with 
Librium is initiated, patients should be cautioned 
against hazardous occupations requiring complete 
mental alertness, such as operating machinery or 
driving a motor vehicle. 


without the need for increase in dosage. When 
therapy is protracted, periodic blood counts and 
liver function tests are advisable. 


of hypotension, tachycardia and blurred 
vision have been reported; also hypo- 
tension associated with spinal anesthesia, 
and pain following I.M. injection. 

Usual Daily Dosage: Individualize for 
maximum beneficial effects. Oral: Adults: 
Mild and moderate anxiety and tension, 

5 or 10 mg t.i.d. or q.i.d.; severe states, 20 or 
25 mg t.i.d. or q.i.d. Geriatric patients: 5 mg 
b.i.d. to q.i.d. (See Precautions.) 

For Parenteral Administration: Should be 
individualized according to diagnosis and 
response. While 300 mg may be given dur- 
ing a 6-hour period, do not exceed this dose 
in any 24-hour period. To control acute 
conditions rapidly, the usual initial adult 
dose is 50 to 100 mg I.M. or I.V. Subsequent 
treatment, if necessary, may be given orally. 
(See Precautions.) 

Supplied: 

Oral: Librium® (chlordiazepoxide HCI) 
Capsules—5 mg, 10 mg and 25 mg — bottles 
of 100 and 500; Tel-E-Dose® packages of 1000. 
Libritabs? (chlordiazepoxide) Tablets —5 mg, 
10 mg and 25 mg — bottles of 100 and 500. 
Injectable: Librium® (chlordiazepoxide HCl) 
Ampuls— Duplex package consisting of a 
5-ml dry-filled ampul containing 100 mg 
chlordiazepoxide HCI in dry crystalline 
form, and a 2-ml ampul of Special Intra- 
muscular Diluent (for I.M. administration). 
Before preparing solution for I.M. or I.V. 
administration, please consult package 
insert for instructions on preparation and 
administration of solutions. Boxes of 10. 


Roche Laboratories 
Division of Hoffmann-La Roche Inc 
Nutley, N.J. 07110 


Description: Keflin® (sodium cephalothin, 
Lilly) is a semisynthetic cephalosporin an- 
tibiotic for parenteral use. It is the sodium 
salt of 7-(thiophene-2-acetamido) cepha!o- 
sporanic acid. The sodium content is 55 
mg. per Gm. of cephalothin. 


Actions: The bactericidal action of cepha- 
lothin results from inhibition of cell-wall 
synthesis. In-vitro and in-vivo activity has 
been demonstrated against strains of the 
following micro-organisms: 
Staphylococcus aureus (penicillin-sen- 
sitive and penicillinase-producing) 
Beta-hemolytic and other streptococci 
(many strains of enterococci, e.g., 
Streptococcus faecalis, are relatively 
resistant) 
Pneumococci 
Clostridia 
Hemophilus influenzae 
Neisseria gonorrhoeae 
Escherichia coli and other coliform bac- 
teria 
Klebsiella-Aerobacter sp. 
Proteus 
Salmonella sp. 
Shigella sp. 


Indications: Keflin is indicated in the treat- 
ment of serious infections of the respira- 
tory tract, genito-urinary tract, soft tissue 
and skin, gastro-intestinal tract, bones and 
joints, bloodstream, and cardiovascular 
system due to susceptible organisms. Also, 
it has beeh effective in cases of peritonitis, 
septic abortion, and staphylococcus and 
pneumococcus meningitis. Effectiveness 
has not been established in other types of 
meningeal infection. 

Appropriate culture and susceptibility 
studies should be performed to determine 
susceptibility of the causative organism 
to Keflin. 


Contraindication: Keflin is contraindicated 
in persons who have shown hypersensitiv- 
ity to cephalosporin antibiotics. 
Warnings: IN PENICILLIN-SENSITIVE PA- 
TIENTS, CEPHALOSPORIN C DERIVATIVES 
SHOULD BE USED WITH GREAT CAUTION. 
THERE IS CLINICAL AND LABORATORY EVI- 
DENCE OF PARTIAL CROSS-ALLERGENICITY 
OF THE PENICILLINS AND THE CEPHALO- 
SPORINS. INSTANCES OF PATIENTS WHO 
HAVE HAD SEVERE REACTIONS TO BOTH 
DRUGS, INCLUDING DEATH FROM ANAPHY- 
LAXIS, HAVE BEEN REPORTED. 

Any patient who has demonstrated some 
form of allergy, particularly to drugs, 
should receive antibiotics cautiously and 
then only when absolutely necessary. No 
exception should be made with regard to 
Keflin. 


Usage in Pregnancy—Safety of this prod- 
uct for use during pregnancy has not been 
established. 


Precautions: Patients should be followed 
carefully so that any side-effects or un- 
usual manifestations of drug idiosyncrasy 
may be detected. If an allergic reaction to 
Keflin occurs, the drug should be discon- 
tinued and the patient treated with the 
usual agents (e.g., epinephrine, antihista- 
mines, pressor amines, or corticosteroids). 
When Keflin is administered to patients 
with transient or persistent reduction of 
urinary output due to impaired renal func- 
tion, the total daily dose should be re- 
duced. Careful clinical observation and 
laboratory studies should be made, be- 
cause higher and more prolonged svs- 
temic antibiotic concentrations can occur 
(see Administration and Dosage below). 
When intravenous doses of cephalothin 
larger than 6 Gm. daily are given by infu- 
sion for periods longer than three days, 
they may be associated with thrombophie- 
bitis, and the veins may have to be alter- 
nated. The addition of 10 to 25 mg. of 


hydrocortisone to intravenous solutions 
containing 4 to 6 Gm. of cephalothin may 
reduce the incidence of thrombophlebitis. 
The use of small I.V. needles in the larger 
available veins may be preferred. 

Prolonged use of Keflin? (sodium ceph- 
alothin, Lilly) may result in the overgrowth 
of nonsusceptible organisms. Constant ob- 
servation of the patient is essential. If 
superinfection occurs during therapy, ap- 
propriate measures should be taken. 

A false-positive reaction for glucose in 
the urine may occur with Benedict's or 
Fehling's solution or with Clinitest® tablets 
but not with Tes-Tape® (urine sugar anal- 
ysis paper, Lilly). 


Adverse Reactions: Hypersensitivity— 
Maculopapular rash, urticaria, reactions 
resembling serum sickness, and anaphy- 
laxis have been reported. Eosinophilia and 
drug fever have been reported as asso- 
ciated with other allergic reactions. These 
reactions are most likely to occur in pa- 
tients with a history of allergy, particularly 
to penicillin. 


Blood—Neutropenia and hemolytic ane- 
mia have been reported. Some individuals, 
particularly those with azotemia, have de- 
veloped positive direct Coombs tests dur- 
ing cephalothin therapy. 


Liver—Transient rise in SGOT has been 
reported. 


Kidney—Rise in BUN has been observed; 
however, some patients with elevated BUN 
at the beginning of cephalothin therapy 
have had values return to normal during 
therapy. 












Local Reactions—Pain, induration, ten- 
derness, and elevation of temperature have 
been reported following repeated intra- 
muscular injections. Thrombophlebitis has 
occurred and is usually associated with 
daily doses of over 6 Gm. given by infusion 
for more than three days. 


Administration and Dosage: /n adults, the 
usual dosage range is 500 mg. to 1 Gm. of 
cephalothin every four to six hours. A dos- 
age of 500 mg. every six hours is adequate 
in uncomplicated pneumonia, furunculosis 
with cellulitis, and most urinary tract in- 
fections. In severe infections, this may be 
increased by giving the injections every 
four hours or, when the desired response 
is not obtained, by raising the dose to 
1 Gm. In life-threatening infections, doses 
up to 2 Gm. every four hours may be re- 
quired. 


Ininfants and children, the dosage should 
be proportionately less in accordance with 
age, weight, and severity of infection. Daily 
administration of 50 mg. per Kg. (40 to 80 
mg. per Kg. or 20 to 40 mg. per pound) in 
divided doses has been found effective for 
most infections susceptible to Keflin. 


For additional information regarding 
dosage and administration, see package 
literature. 


How Supplied: Ampoules Keflin® (Sterile 
Sodium Cephalothin, U.S.P.), equivalent 
to 1 Gm. cephalothin, 10-ml. size, rubber- 
stoppered; equivalent to 2 Gm. cephalo- 
thin, 100-ml. size, rubber-stoppered; 
equivalent to 4 Gm. cephalothin, 50-ml. 
size, rubber-stoppered. [031971] 
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Keflin was made available for 
clinical investigation early in 1962 and 
was marketed on September 4, 1964. 












Since the introduction of Keflin, 

the susceptibilities of commonly 
encountered organisms, as measured 
by in-vitro methods, have not 
changed significantly. 


*equivalent to cephalothin 
Please turn page for prescribing information. 
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Interposition Mesocaval Shunt for Treatment of 


LTHOUGH THE DIVERSION of portal blood into the sys- 
A temic circulation protects against further hemor- 
rhage from esophageal varices, many problems remain 
which are related to the use of portacaval or other 
shunts. These problems include technical difficulties, a 
higher incidence of rebleeding with procedures which 
do not give adequate decompression, a high Surgical 
mortality in poor risk patients, postoperative ascites and 
a high incidence of hepatic encephalopathy after pro- 
cedures which totally divert portal blood flow from the 
liver. In recognition of such problems a number of sur- 
geons have seriously questioned the value of portacaval 
shunts. 

Experience in the treatment of portal hypertension has 
indicated the need for a surgical procedure which could 
offer lasting protection against further variceal hemor- 
rhage, be readily and quickly performed with a low 
operative risk and a low incidence of postoperative 
ascites and encephalopathy. 

With the increasing knowledge and ready availability 
of synthetic grafts for vascular surgical procedures, ap- 
proximately 3% years ago we began a prospective evalua- 
tion of a large diameter dacron graft interposed between 
the superior mesenteric vein and the vena cava (Fig. 1) 
for management of variceal hemorrhage due to cirrhosis 
of the liver and portal hypertension. 


Patient Selection 


The criteria of Child * were utilized to evaluate all 
patients initially treated for variceal hemorrhage from 
portal hypertension. These patients were classified as 
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Portal Hypertension 
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group A (excellent risk), group B (moderate risk) and 
group C ( poor risk). Because of the excellent results cur- 
rently obtained by ourselves and others with the use of 
portacaval shunts, either end-to-side or side-to-side, in 
the class A category, such patients were excluded from 
this study. Similarly, all patients with portal hypertension 
due to extrahepatic portal thrombosis were not included 
in this study although an interposition shunt is probably 
the ideal operation for this group. 

Figure 2 depicts classification according to risk of the 
25 patients who have interposition mesocaval shunts for 
relief of hemorrhage from esophageal varices. Twenty 
patients had Laennec’s cirrhosis and five patients had 
postnecrotic cirrhosis. They were almost equally divided 
between an advanced "B" and a *C" classification. There 
were 15 men and 10 women with a median age of 41 
years. The youngest patient was 24 years of age and the 
oldest was 55 years of age. 

All patients were admitted to the hospital because of 
acute exsanguinating variceal hemorrhage. No prophy- 
lactic shunts were performed. In 19 patients, acute 
hemorrhage was initially controlled by the Blakemore- 
Sengstaken tube which adequately prepared the patients 
for the shunt procedure during the ensuing few weeks. 
However, in six patients because of continuing or recur- 
rent hemorrhage the shunt was undertaken at an emer- 
gency procedure either shortly after admission or early 
in the patient's hospital course. 

Evaluation consisted of a complete liver biochemical 
profile and an upper gastrointestinal series with a 
barium swallow x-ray. In 15 patients, gastro-esophagos- 
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Fic. 1. Interposition mesocaval shunt. In every instance the shunt 

was a knitted dacron graft varying in diameter from 19 to 22 mm. 

and in length from 5 to 8 cm. An end-to-side anastomosis is per- 


formed at each end of the graft to the inferior vena cava and to 
the superior mesenteric vein. 


KNITTED 
DACRON GRAFT 


Diameter: 19 - 22 mm. 


Length: 5-8 cm. 


copy was also performed to confirm the presence of 
esophageal varices and eliminate other possible causes 
of massive upper gastrointestinal hemorrhage. In ad- 
dition to the above studies, a complete hematologic 
workup and, when indicated, a liver biopsy were per- 
formed to confirm the diagnosis of hepatic cirrhosis. In 
patients with ascites, the plasma electrolytes were care- 
fully monitored and diuretics were administered during 
preoperative preparation. Because of their advanced 
hepatic disease, all patients received concentrated al- 
bumin preoperatively, in amounts ranging from 50 Gm. 
to as much as 500 Gm. depending on the initial level of 
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Fic. 2. Surgical risk classification according to the criteria of Child. 
Thirteen patients were in Class B (moderately severe) and twelve 
patients were in Class C (severe) category. All good risk (Class 
A) patients were not initially considered as candidates for this 
operation and were offered other procedures (portacaval shunt ). 
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serum albumin and the patient's response to preoperative 
preparation. 

Cognizant of the hyperdynamic state which is invaria- 
bly present in the majority of these patients, the pos- 
sibility of diminished cardiac reserve and/or cardiac 
failure was carefully monitored. In two patients digital- 
ization was performed as an adjunct to the preoperative 
preparation. 

All patients who succumbed during the same hospitali- 
zation after operation, regardless of the time of death, 
were classified as operative deaths of which there were 
two in the entire series. The first occurred on the seventh 
postoperative day in a comatose, poor risk malnourished 
patient with marked ascites who had received approxi- 
mately 12 units of blood preoperatively. Death was due 
to acute hepatic failure, the patient never awakened 
after operation and had to be maintained on the respira- 
tor until death. The second death occurred in a patient, 
also operated upon for emergency control of hemorrhage, 
who had intractable ascites and poor nutrition. Death 
occurred 30 days after operation due to acute renal 
failure from over zealous diuresis and an error in post- 
operative management of the electrolyte problems. The 
overall operative mortality for the series was 8%. 


Pressure Measurements 


Intraoperative pressure studies were obtained in every 
patient before an immediately following the shunt. Fol- 
lowing mobilization of a segment of the superior mes- 
enteric vein in the root of the small bowel mesentery 
at the base of the transverse mesocolon, pressure mea- 
surements were obtained by threading a small poly- 
ethylene catheter or a long, thin-walled 18-gauge needle 
into the superior mesenteric vein and passed carefully 
into the portal vein. Pressure measurements were re- 
peated three times and the mean portal pressure was 
calculated. The zero level was corrected to the level 
of the right atrium. Pressure measurements were re- 
peated after completion of the shunt. There was a mean 
decrease in portal pressure from an initial 365 mm. HO 
before the shunt to 175 mm. H:O following the shunt, 
a drop exceeding 50% (Fig. 3). 


Follow-up Period 


The follow-up of patients from the entire series is 
depicted in Figure 4. The longest survivor, now 4l 
months after the shunt, has returned to full activity with 
no evidence of rebleeding, encephalopathy, or any fur- 
ther hepatic impairment. The mean follow-up period for 
the entire series is 19 months. To-date there has been 
one late death in a patient 14 months after the shunt 
procedure. This patient continued to drink heavily and 
entered the hospital in terminal hepatic failure with an 
acute florid type of cirrhosis. At autopsy the liver showed 
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Fic. 3. Portal pressure measurements from entire series of 25 pa- 
tients. The mean pre-shunt pressure measured at operation was 
365 mm. of water. Following the shunt repeat portal pressure mea- 
surements showed a significant drop to a mean of 175 mm of water 
(p « 0.001). Standard error of the mean is indicated by the 
vertical bars. 


severe cirrhosis with acute and chronic fatty change, in- 
flammatory cells and deep bile staining. There was no 
evidence of ascites and the patient had not rebled. His 
shunt was patent at autopsy. 

With this single exception all patients who have sur- 
vived the operative procedure have continued to do well 
with no further evidence of derangement of hepatic func- 
tion or rebleeding. A number of patients, however, have 
continued to drink alcohol and it would be anticipated 
that eventually the ravages of alcohol upon the liver may 
produce a fatal outcome from hepatic failure, 


Operative technic (Fig. 5 A, B, C, D) 


The abdomen is explored through a long midline in- 
cision and the abdominal viscera are carefully evaluated 
with particular emphasis to eliminate other possible 
causes for hemorrhage, i.e., duodenal ulcer. The trans- 
verse mesocolon is elevated superiorly and the peri- 
toneum overlying the superior mesenteric vessels as they 
enter the root of the small bowel mesentery is opened 
transversely. The superior mesenteric vein is carefully 
freed by sharp dissection avoiding injury to a number of 
small venous collaterals. In two-thirds of our patients an 
adequate length (3 cm.) of superior mesenteric vein 
could be dissected free without interruption of any major 
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intestinal branches. In the remaining third, anomalies 
of the superior mesenteric vein were present, the most 
troublesome of which was an early bifurcation of the 
superior mesenteric vein, each branch containing a sig- 
nificant portion of intestinal venous flow. Rather than 
ligate one of these branches in order to obtain adequate 
length for the anastomosis they were carefully preserved 
and the anastomosis of the graft was made directly at 
the point of bifurcation after temporary occlusion of 
each branch with small atraumatic vascular clamps dur- 
ing the performance of the shunt. 

Following measurement of the portal pressure via the 
superior mesenteric vein, the vena cava is exposed 
directly through the base of the right transverse meso- 
colon. Early in our series, we mobilized the right colon 
in order to expose the retroperitoneal vena cava. How- 
ever, this was frequently accompanied by brisk and 
troublesome bleeding due to interruption of large venous 
collaterals. We have now adopted the technic of tunnel- 
ing directly through the right transverse mesocolon, a 
maneuver which permits direct visualization of the an- 
terior surface of the inferior vena cava. A mass of lymph 
nodes is present in the mesentery and these were removed 
in order to permit as straight a graft as possible through 
the tunnel. 

Another important maneuver at this point was the 
complete mobilization of the third and fourth portions 
of the duodenum, including the ligament of Treitz, in 
order to permit the duodenum to ride up and to prevent 
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Fic. 4. Follow-up period in entire series. The longest surviving pa- 
tient is now 41 months after operation. Mean follow-up for entire 
series is 19 months. The one late death in the entire series occurred 
in a patient with advanced Laennec's cirrhosis who died of acute 
liver failure 16 months following the shunt. There has been no 
rebleeding in any patient to date. 
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Fic. 5. Operative technic. 
A, the transverse colon is 
elevated and the superior 
mesenteric vein is dis- 
sected free at the root of 
the small bowel mesen- 
tery. After appropriate 
pressure studies are ob- 
tained via a small catheter 
in the superior mesenteric 
vein, the right transverse 
mesocolon is then incised 
and the anterior portion 
of the infra-renal vena 
cava is dissected free for 
a distance sufficient to 
apply a partially occlud- 
ing vascular clamp. With 
increasing experience with 
this technic we now pre- 
fer not to mobilize the 
right colon to avoid ex- 
cessive bleeding from the 
interruption of large ret- 
roperitoneal venous col- 
laterals. A small ellipse is 
removed from the vena 
cava. B, shows the caval 
anastomosis being com- 
pleted with a simple, 
single row coapting su- 
ture using 5.0 vascular 
synthetic suture. C, the 
graft is then given ap- 





proximately a 20—30* clockwise twist to avoid torsion when the viscera are replaced and the end-to-side anastomosis to the superior 
mesenteric vein is completed. The anastomosis is placed just distal to the middle colic vein which is not shown in this drawing. One or 
two small intestinal branches must be carefully ligated in order to avoid trouklesome hemorrhage during the dissection of the superior 


mesenteric vein. D, shows the completed anastomosis. 


possible obstruction of a low-lying duodenum by the 
interposed graft. However, should any difficulty arise at 
this point, it is easily solved by angling the graft caudally 
and making it a bit longer in order to avoid an anastomo- 
sis without tension. The average length of the grafts 
which we have used in these patients is 6.5 cm. (range 
5-8 cm. ). 

We prefer to do the caval anastomosis first for it lies 
in the depths of the field and is potentially more haz- 
ardous (Fig. 5A). A partially occluding atraumatic 
vascular clamp is placed on the anterior surface of the 
vena cava and a small button of caval wall is re- 
moved. The anastomosis is completed utilizing a single 
row of simple coapting 5-0 synthetic vascular suture. 
Upon completion of the lateral half of the anastomosis, 
the clamp is pulled to the patient's right and the medial 
wall of the anastomosis is completed with another 
running suture. The anastomosis is then checked for 
leaks and the graft is preclotted by permitting a column 
of blood to enter it by momentarily releasing the vascular 
clamp. 

Attention is now directed to the anastomosis to the 
superior mesenteric vein. The graft is trimmed to ade- 
quate length, avoiding both tension and too long a graft. 


Because of the normal course of the superior mesenteric 
vein over the vena cava at approximately a 20-30? coun- 
ter-clockwise angle, it appeared advisable to give a 20- 
30? clockwise twist to the graft prior to the start of the 





Fic. 6. Operative photograph of completed graft. The anastomosis 
to the anterior surface of the infra-renal inferior vena cava is 
shown. 





Fic. 7. Operative photograph of completed graft. The anastomosis 
to the superior mesenteric vein is shown. The route of the 
graft directly through the right transverse mesocolon limits the 
extent of dissection and avoids interruption of large retroperitoneal 
venous collaterals. An effort is made to make the graft as short 
as possible to avoid kinking. The graft should distend immediately 
as soon as the clamps are removed. Repeat pressures via the 
superior mesenteric vein can be obtained at this point. 


anastomosis to the superior mesenteric vein. A longi- 
tudinal venotomy is made in the superior mesenteric vein 
after proximal and distal occlusion with angled vascular 
clamps. A partial occlusion clamp is not needed for the 
superior mesenteric vein can be safely interrupted dur- 
ing the period of this anastomosis. The anastomosis is 
made on the posterior surface of the vein, beginning with 
the medial side of the anastomosis which, of necessity, 
has to be made within the lumen of the graft. Another 
suture is then continued completing the lateral wall of 
the anastomosis. We have not found heparinization neces- 
sary. The graft should balloon out quickly as soon as the 
clamps are removed and the flow of the more saturated 
superior mesenteric venous blood can be readily seen en- 
tering the vena cava through the lower anastomosis 
(Fig 6). We feel as do Read and others ?*?! that efforts 
to tunnel these grafts between the duodenum and the 
pancreas are not only unnecessary but unsafe due to the 
risk of pancreatitis. The completed anastomosis to the 
superior mesenteric vein is shown in Figure 7. 


MESOCAVAL SHUNT FOR PORTAL HYPERTENSION 439 


Patency of Grafts 


Follow-up studies of graft patency have been per- 
formed in 15 patients at varying intervals following the 
shunt. In these patients the grafts have all remained 
patent (Fig. 8). In three additional patients, which in- 
clude the two operative deaths at 7 days and 30 days 
and the late death at 14 months, the grafts were also 
found to be patent (Figs. 12 and 13). Angiographic 
studies are planned for the remaining seven survivors. 

The technics used for angiographic assessment of 
graft patency are described in Figures 9-10. The simplest 
technic involves retrograde catheterization of the shunt 
via the femoral vein and vena cava. After injection of a 
90 cc. bolus of contrast medium sequential films are 
obtained by a rapid film changer. This technic has the 
advantage to permitting measurement of superior mes- 
enteric and portal venous pressures directly through the 
catheter. Trans-shunt pressures can also be obtained by 
continuous recording during withdrawal of the catheter 
across the shunt (Fig. 11). 

The alternative approach involving selective celiac and 
superior mesenteric arterial angiography permits an ac- 
curate assessment of the flow dynamics in such patients. 
Patency of the graft can be easily shown by pressure 
injection of the contrast material into the superior mes- 
enteric artery and obtaining sequential films during the 
venous phase (Fig. 10A). The dye in the inferior vena 
cava can be readily identified. More importantly, injec- 
tion of the celiac axis can also be performed in order to 
assess the flows in the splenic and portal veins and to de- 
termine the presence or absence of prograde flow into the 
liver from the upper abdominal viscera (Fig. 10B). 

The disappearance of esophageal varices is also readily 
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Fic. 8. Follow-up patency of grafts. Angiographic studies were 
performed in 12 patients. In three additional patients (two opera- 
tive deaths, one late death) patency was determined at autopsy. 
In these 15 patients, all the grafts were patent. In surviving pa- 
tients angiographic studies for patency were performed at least 
3 months after operation. The longest documented patent graft is 
now 38 months. 
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Fic. 9A. Technic of angiographic studies. The graft can be 
readily demonstrated by dye injection via retrograde catheterization 
through the inferior vena cava. In this patient, 6 months after 
operation, a Seldinger catheter was threaded percutaneously via 
the left femoral vein into the inferior vena cava, through the shunt, 
and into the superior mesenteric vein. The early injection phase is 
shown with outlining of the superior mesenteric vein and some of 
its branches. The ready egress of dye through the large shunt is 
shown. 


demonstrable in the patients studied to date (Fig. 14). 
However, it has been our observation that varices may 
be present on x-ray as long as 6 months after the opera- 
tive procedure. 


Metabolic Studies 


Repeat liver biochemical profiles were obtained on all 
patients at varying periods before and immediately after 
the shunt and at intervals during the follow-up period. 
As previously mentioned most patients were preopera- 
tively in the moderate or poor risk group. All had hy- 
poalbuminemia, mild to moderate elevations in the serum 
bilirubin, ascites of varying degrees and altered nutri- 
tion. There were consistent elevations in the prothrombin 
time of a mild to moderate degree. Mean values were 
meaningless because of the wide variability from patient 
to patient and are not herein included. 

Immediately following operation there was noted a 
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temporary deterioration of hepatic function with a rise 
in serum bilirubin and transaminases in every patient. 
Generally, these values returned to normal within a week 
or two following operation. The blood ammonia levels 
obtained in these patients are depicted in Figure 15. 
Four patients had significant elevations in the blood 
ammonia preoperatively and all four of these patients 
had encephalopathy of a mild (1+) to a severe (4+) 
degree. The values shown were representative of the 
highest blood ammonia levels obtained in any patient 
during the immediate or long-term postoperative fol- 
low-up. However, in view of the well-documented lack 
of correlation between venous blood ammonia levels and 
the degree of encephalopathy, a more important obser- 
vation was the clinical documentation that none of these 
patients were further impaired by the shunt procedure 
except the patient who underwent an emergency pro- 
cedure with preexisting coma. All of the other patients 
with mild encephalopathy were initially easily con- 
trolled by diet, but at the present time, none has required 
further therapy. 





Fic. 9B. Later phase in the same patient shows prompt emptying 
of the superior mesenteric vein. The bolus of dye is seen entering 
the inferior vena cava via the shunt, both of which are well 
opacified. 


Fic. 10A. Visualization of patent mesocaval shunt by retrograde 
superior mesenteric artery injection through à percutaneous cath- 
eter threaded in the right femoral artery. The venous phase of 
the study is shown with prompt and early visualization of the 
shunt and of the inferior vena cava. Such studies reveal in almost 
every instance virtually complete drainage of the superior mesen- 
teric vein into the vena cava via the shunt. 


Discussion 


Based on these experiences with interposition meso- 
caval shunt we now feel that the following questions can 
be answered: 

Do grafts interposed between the portal and systemic 
venous system remain patent? Previous investigators have 
attempted both experimentally and clinically to bridge 
the gap between the portal vein and the inferior vena 
cava. The first interposition of a vein graft between these 
two structures was carried out in two patients by Rey- 
nolds and Southwick ?? in 1951, using the patients’ own 
azygos veins. Theron? has described the use of super- 
ficial femoral vein and Erlich and associates !° have 
sutured the transected end of the left renal vein into the 
side of the portal vein. Additional studies by Batancourt,! 
Dale and Scott Nay," and by Nabseth ?* during the 
past few years have confirmed that venous grafts do 
remain patent but that adequate caliber is essential to 
maintain patency. 
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Fic. 10B. Injection of the celiac axis (venous phase) is shown from 
the same patient. The spleen and splenic vein are well outlined 
and dye can be also seen flowing into the portal vein toward 


the liver. This study confirms continued perfusion of the liver 
from the upper abdominal viscera, namely the splenic veins and 
coronary veins, despite the fact that the bulk of the superior 
mesenteric vein flow is into the shunt. 


Among the first to use a prosthetic graft as a shunt 
between the portal and systemic venous system were 
Yeoh and Eiseman ?? who in 1962 used Teflon to produce 
an H shunt between the portal vein and the inferior 
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Fic. 11. Pressure gradients obtained in a patient studied 5 months 
following mesocaval shunt. The inferior vena cava, shunt and 
superior mesenteric vein were cannulated retrograde via the 
femoral vein. Superior mesenteric venous pressure was 20 cm. H.O. 
Withdrawal pressures revealed 18 cm. H.O in the shunt and 17 
cm. H:O in the inferior vena cava below the renal veins. Pre-shunt 
superior mesenteric vein pressure in this patient 5 months pre- 
viously was 48 cm. H:O. The esophageal varices had disappeared. 
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Fic. 12. Graft obtained at autopsy in patient who died from renal 
failure 30 days after interposition mesocaval shunt. The attached 
portions of the inferior vena cava (lower) and the superior 
mesenteric vein (upper) are shown. The graft is patent with 
a healed suture line and no evidence of thrombosis or contraction 
is present. This patient had marked ascites preoperatively which 
could not be controlled by medical therapy, in addition to bleed- 
ing varices. Death in this patient was attributed to postoperative 
error in fluid administration and excessive use of diuretics resulting 
in renal failure. 


vena cava in a patient with portal hypertension. The 
shunt eventually occluded. The excellent studies of Foster 
and associates, ! Symbas,** Preston and Trippel?? and 
Nabseth ?* gave further documentation that such pros- 
thetic materials remain patent for long periods. It was 
now felt by most investigators that patency of these 
grafts in patients with portal hypertension is due to the 
high pressure gradient between the portal vein and the 
vena cava and the use of a large enough shunt to pre- 
vent resistance to flow. The first successful prosthetic 
shunt (Teflon) between the superior mesenteric vein 
and the vena cava was reported in 1963 by Resende-Alves 
in Brazil? In this country Foster !! reported in 1965 his 
extensive experimental experience with the use of Teflon 
as a shunt between the portal vein and the vena cava 
with excellent patency in long-term follow-up. Such a 
shunt was placed in a patient with portal hypertension 
and this shunt has remained patent for the past 9 years. 
Similar confirmation was obtained by Preston and Trippel 
in their two patients in whom a woven Teflon prosthesis 
was also used between the portal vein and the vena 
cava 29 

Popularization of the technic of an interposition meso- 
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caval shunt came in 1970 when Lord and associates 17 
reported on the insertion of mesocaval shunts of woven 
Teflon with continued patency in three patients with 
portal hypertension. In the same year Read and asso- 
ciates ? utilized venous homografts for mesocaval shunt. 
An additional six patients were reported in 1971 by Lord 
and associates !5 in which they documented the fact that 
eight of these nine shunts were patent in a 1 to 5-year 
follow-up. Read has now placed 18 venous homografts 
between the superior mesenteric vein and vena cava 
with 12 long-term survivors! Graft patency has been 
proven in eight of the nine patients studied and in two 
additional patients who died of hepatoma after the shunt 
procedure. 

All of these reports confirm a better than 90% patency 
of either venous grafts or synthetic grafts in the meso- 
caval position. We have preferred to utilize the large 
diameter prosthetic shunt because of its ready avail- 
ability and because of the difficulty in obtaining auto- 
genous vein grafts of adequate size and the logistical 
problem in obtaining venous homografts from cadavers. 
We are continuing to use the Dacron prosthesis and see 
no particular preference to the use of Teflon, based on 
experiences with arterial prostheses during the past 15 
years which indicate a clear superiority of Dacron over 
Teflon due to the better incorporation of the former into 
the host tissues. 

Is portal hypertension relieved by these shunts? Our 
own experience and the accumulated experience reported 
in the literature during the past few years confirms that 
mesocaval shunts are as effective in protecting against 





Fic. 13. Autopsy specimen in a patient who died of acute hepatic 
failure 14 months after interposition mesocaval shunt. The graft 
is patent with healed anastomoses. Excellent incorporation of 
fibrous tissue surrounding the graft is clearly evident in this speci- 
men. 
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Fic. 14. Esophageal varices demonstrated in a patient before shunt 
(right). Repeat barium swallow x-ray (left) shows complete dis- 
appearance of varices 3 months postoperatively, also confirmed by 
esophagoscopy. 


subsequent variceal hemorrhage as are direct portacaval 
shunts. Although portal pressures did not return entirely 
to normal in our own patients, they were reduced by 
50% or better in every patient and there has been no 
further variceal hemorrhage. Possibly, the maintenance 
of a higher than normal pressure in the superior mesen- 
teric vein may favorably influence the continued patency 
of these shunts in that it produces a higher gradient 
between the superior mesenteric vein and the inferior 
vena cava with minimal resistance across the shunt. In 
fact, our results at the present time indicate the su- 
periority of this type of shunt in terms of patency over 
that of other makeshift shunts or even the splenorenal 
shunt which has been widely popularized by Linton.!^ 

Is the interposition shunt technically easy and ap- 
plicable to most patients? This type of shunt is a variant 
of the technic originally described by Marion?! and 
by Clatworthy 5 who mobilize the vena cava and swing 
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it into the side of the superior mesenteric vein. The 
Marion-Clatworthy shunt is often accompanied, par- 
ticularly in adults, with postoperative leg edema due to 
interruption of the vena cava with its lumbar collaterals. 
Frequently there is an inadequate length of vena cava 
to insure a direct anastomosis to the superior mesenteric 
vein without tension. Because of this inadequacy various 
alternative approaches have been proposed including 
the creation of a tunnel between the duodenum and 
pancreas. The latter procedure has been accompanied 
by high incidence of complications from possible pan- 
creatic injury. Often considerable kinking may be present 
which is difficult to avoid. Finally the extensive retro- 
peritoneal dissection required to mobilize the infrarenal 
cava may be accompanied by troublesome hemorrhage. 

When compared to the standard end-to-side or side- 
to-side portacaval shunt, the interposition shunt requires 
much less retraction, less dissection in an area rich of 
venous collaterals and lymphatics and is more rapidly 
performed. Nor is there the problem of an inadequate 
length of portal vein to perform the anastomosis, par- 
ticularly of the side-to-side type, because the interposi- 
tion graft can be easily tailored to fit. Operative time 
has averaged in our hands 2 hours or less for the opera- 
tion and rarely is a blood transfusion required unless, 
of course, troublesome hemorrhage is encountered due 
to injury to the superior mesenteric vein or avulsion of 
one of the small collateral posterior branches. With care- 
ful dissection the latter problems can be usually avoided. 

Is there preservation of hepatic blood flow? In essence 


200 


150 
BLOOD NH, 


y/100ml 





PRE - SHUNT 


POST-OP 


Fic. 15. Maximum venous blood ammonia levels obtained in the 
entire patient series before and after shunt. The degree of 
encephalopathy encountered in four patients is graded + to 
++-+-+. Encephalopathy was not encountered in any patient in 
whom it was not present preoperatively. One of these patients 
was in preoperative coma and died several days following an 
emergency shunt. Encephalopathy has been easily controlled in 
the other three patients by dietary measures. 
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the interposition shunt offers the advantages of a side- 
to-side shunt 223339 between the portal and systemic 
venous system but at some distance from the porta 
hepatis. To this extent it functions more like a side-to- 
side splenorenal shunt but offers distinct advantages 
over these two procedures in that it is easier to perform 
and that the superior mesenteric vein is usually large. 
Furthermore the operative field is considerably drier in 
this location than is the upper abdomen which is all too 
frequently the site of enlarged and tortuous venous col- 
laterals which plague the surgeon during the dissection. 
The inherent advantages of these partially diverting 
shunts are also twofold: first, in instances where there 
is continued prograde flow into the liver the possibility 
remains that despite the decompression of the portal 
system, some flow can be expected to continue into the 
liver. We have documented this phenomenon in a num- 
ber of patients by celiac artery angiography. Similar 
findings have been reported by Read?" by splenopor- 
tography and by Lord." Conversely, in those patients 
in which there is a true reversal of portal blood flow in 
an hepatofugal direction as evidenced by a rising pres- 
sure on the hepatic end of the temporarily occluded 
portal vein, this shunt offers the possibility of decom- 
pression not only the splanchnic viscera but also the 
hepatic sinusoid and thus may be beneficial in the treat- 
ment of patients who also have intractable ascites ac- 
companying the variceal hemorrhage. 

The interposition shunt compares favorably to end-to- 
side portacaval shunt from the standpoint of markedly 
diminished postoperative ascites. In fact, we have en- 
countered postoperative ascites in only one patient fol- 
lowing the interposition shunt and this was readily con- 
trolled with an intensive medical program. The ascites 
has not recurred in this patient. 

What is the incidence of postoperative hepatic en- 
cephalopathy? Numerous investigators have documented 
the high incidence of postoperative hepatic encephalop- 
athy with both the end-to-side and the side-to-side 
portacaval shunts.51*?* Britton and Price? reported an 
incidence of 15 to 25% in their patients within 1 year 
after operation. Similarly Mikkelsen 24:75 has shown a 
25% incidence of encephalopathy following an end-to- 
side shunt and a 50% incidence following a side-to- 
side shunt in patients followed for 5 years after the 
surgical procedure. Callow* reports a 20% incidence 
in his series and Warren 3738 has documented a 50% 
encephalopathy in his earlier experience with portacaval 
shunts. The excellent studies of Hassab ? who has 
treated a large group of patients with parasitic hepatic 
cirrhosis led him to abandon the direct portacaval shunt 
after finding progressive hepatic failure in these patients 
in a long follow-up despite the fact that these patients 
had relatively normal livers. Based on his dissatisfaction 
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with portacaval shunts, Hassab now recommends a “de- 
congestion" operation which consists of a gastric de- 
vascularization and splenectomy. This procedure has 
resulted in a lower operative mortality rate, absence of 
postoperative encephalopathy and better preservation 
of hepatic function, although there is a higher incidence 
of rebleeding. Johnson and associates !? in an extension 
of the early work of Peters and Womack have also 
continued to advocate non-shunting devascularization 
procedures. However these procedures have been ac- 
companied by a high incidence of recurrent bleeding, 
both in the immediate and late postoperative periods 
and long-term survival remains in continued risk due 
to the spectre of gastrointestinal hemorrhage. Despite 
the absence of encephalopathy in the recent series re- 
ported by Johnson, the overall results with the devas- 
cularization operation were poor for there was a 43$ 
operative mortality. Of the surviving patients, 457 had 
recurrent bleeding, 31% required re-operation and 14% 
had late deaths as a result of this complication. For this 
reason the devascularization procedure has not received 
great acceptance in the surgical community. 

In an effort to avoid the high postoperative incidence 
of encephalopathy, while at the same time seeking pro- 
tection against recurrent variceal hemorrhage, Warren, 
Zeppa and Fomon in 1967 #8 reported on their initial 
experiences with a distal splenorenal shunt combined 
with a “porto-azygous disconnection.” Portal decom- 
pression was effected by anastomosing the distal end 
of the splenic vein to the renal vein through an in situ 
spleen. The rationale of the procedure is to decompress 
the area critical for control of hemorrhage while main- 
taining a high pressure in the intestinal venous system 
thereby preserving portal flow to the liver. Similar con- 
clusions were reached by Britton and associates ? who 
now recommend selective decompression of the portal 
system by a central side-to-side splenorenal shunt with 
ligation of the central portion of the splenic vein. 

Results of this type of selective decompression in a 
retrograde fashion through the intact spleen appear 
promising in that no encephalopathy has been encoun- 
tered in any patient postoperatively both by Warren 
and by Britton. However, the operation is technically 
difficult and according to Warren can only be applied 
to approximately 50% of the patients. It is contraindi- 
cated in patients with ascites because it does not permit 
the simultaneous decompression of the high pressure 
within the portal vein which may have a balanced or 
reversed flow. Additionally, Warren has reported an 
initial mortality rate of 30%, although with improved 
experience, operative mortality rate appears to be ap- 
proaching acceptable levels. Our experience with the 
Warren procedure, though limited, confirms the diffi- 
culties cited above. More importantly, this procedure 
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is not available to all patients who have exsanguinating 
variceal hemorrhage. In view of our satisfactory ex- 
perience with the interposition shunt which reveals no 
increase in encephalopathy, at least in the group of 
patients followed up to 41 months after operation, leads 
us at present to prefer this operation, particularly for 
the poor risk patient. 


Summary and Conclusion 


A 3% year experience with interposition mesocaval 
shunt utilizing a wide knitted Dacron graft in 25 con- 


_ secutive patients is presented. There were two operative 


deaths (8%) despite the fact that this procedure was 
performed only upon patients who were poor surgical 
risks. 

There was one late death (14 months) in the entire 


‘series due to acute hepatic failure. All of the surviving 


patients have continued to do well with no deterioration 
of the hepatic-furction. Hepatic encephalopathy was 
encountered preoperatively in four of these patients, 
one of whom died in the immediate postoperative period. 
The remaining three patients are now all symptom free 
without any dietary restrictions. 

There has been no recurrence of variceal hemorrhage 
either in the immediate postoperative period or in long- 
term follow-up. 

Angiographic evaluation of the shunt in 15 patients 
revealed complete shunt patency in every patient studied. 
In the two postoperative and the single late death, 
autopsy revealed patency of-each of the shunts with no 
evidence of kinking, obstruction or thrombosis. The 
knitted Dacron appeared to be readily incorporated by 
surrounding fibrous tissue. 

It is concluded that synthetic grafts when placed 
between the superior mesenteric vein and inferior vena 
cava for the relief of portal hypertension are extremely 
effective against protection from recurrent hemorrhage, 
are easily performed, remain patent for a long period, 
offer the potential for continued perfusion of the liver 
by an intact portal fow from the upper abdominal 
viscera, and are accompanied with an extremely low in- 
cidence of hepatic encephalopathy. With further experi- 
ence, particularly in the long-term follow-up of such 
patients, the eventual role of this procedure in the 
management of patients with portal hypertension and 
variceal hemorrhage will become more accurately de- 
lineated. Our encouraging results to date have led us 
now to recommend this operation also to the better risk 
(Class A) patient. 
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DISCUSSION 


Dn. GILBERT S. CAMPBELL (Little Rock): At last year's meetin 
Dr. Francis Jackson reported that a randomized study of aras 
decompression in the treatment of veterans bleeding from o 
geal varices demonstrated increased survival with this procedure. 
However, such patients are bad surgical risks, and at our Veterans 
Hospital in Little Rozk Drs. Raymond Read and Bernie Thompson 
have tried to reduce operative mortality by simplifying the pro- 
cedure. 

At the vascular society meeting 2 years ago they presented their 
results in eight patients undergoing mesocaval interposition with 
vena caval homografts. The number of consecutive operations now 
totals eighteen. Recently, the patient's own jugular vein has been 
used to avoid relying on autopsy material. 

Drs. Read and Thompson are pleased with their results, which, 
however, are not as good as Dr. Drapanas’. Three patients died in 
the early postoperative period, one from pancreatitis following pas- 
sage of the graft above the duodenum, a route no longer used, an- 
other of liver failure, and the last one from bleeding and perforated 
stress ulceration of tke duodenum. Two of the 15 long-term survi- 
vors ultimately died some months later of hepatoma. Both grafts 
were open. One other patient succumbed from pneumonia 2X 
years postoperatively. His homograft was also patent. 

The remaining 12 patients have been followed for up to 3% 
years. Only one has re-bled, and on gastroscopy was found to have 
alcoholic gastritis. Nine survivors have had postoperative spleno- 
portograms. Grafts were patent in eight or nine. Hepatic en- 
cephalopathy has not been a problem, as Dr. Drapanas Ms men- 
tioned. 

[Slide] This slide will show what I think is the best technic, 
that of interposition of the jugular vein autograft between the 
vena cava and the vein; it could also be interposed between 
the vena cava and the superior mesenteric vein. 

I think both Drs. Read and Thompson endorse the concept of 
interposition mesocaval shunt in the treatment of bleeding from 

ortal hypertension. However, we believe that homografts or, even 

etter, an autograft vein is preferable on the basis of previous ex- 
perimental studies in animals, and our own experience with early 
patency. 

So today, at least, we would electively use a jugular vein auto- 
graft for the mesocaval interposition. 


Dr. Jere W. Lorp, Jn. [New York]: To bring Dr. Drapanas’ 
data into perspective, there were two deaths in 25 patients post- 


DRAPANAS 


Ann. Surg. * October 1972 


33. Reynolds, J. T. and Southwick, H. W.: Portal Hypertension: 
Use of Venous Grafts when Side to Side Anastomosis is 
Impossible, Arch. Surg., 62:789, 1951. 

34. Symbas, P. N., Foster, J. H. and Scott, H. W., Jr.: Late Be- 
havior of Portal Vein Grafts. Surg. Forum, 13:322, 1962. 


35. Theron, P.: Portacaval Shunt Operations with Special Refer- 
ence to the Use of Vein Grafts. S. Afr. Med. J., 27:73, 
1953. 

36. Turcatte, J. G., Wallin, W. W., Jr. and Child, C. G.: End-to- 
Side Versus Side-to-Side Portacaval Shunts in Patients with 
Hepatic Cirrhosis, Am. J. Surg., 117:108, 1969. 


37. Warren, W. D., Fomon, J. J. and Zeppa, R.: Further Evalua- 
tion of Selective Decompression of Varices by Distal 
Splenorenal Shunt. Ann. Surg., 169:652, 1969. 


38. Warren, W. D., Zeppa, R. and Fomon, J. J.: Selective Trans- 
splenic Decompression of Gastroesophageal Varices. Ann. 
Surg., 166:437, 1967. 


39. Yeoh, K. S. and Eiseman, B.: Portal Vein Thrombosis: 
Thrombectomy and Portacaval Anastomosis with the Use 
of a Graft. Singapore Med. J., 3:64, 1962. 


operatively. Dr. Child in 1969 reported on his experience with 
end-to-side portacaval shunts. In 80 patients in the "B" and "C" 
groups there was a 28% mortality, three times that of Dr. 
rie d procedure, and in the "C" group alone there were two 
deaths in Dr. Drapanas’ twelve, or 17%, whereas in Child's there 
— 18 deaths in 34, a 53% mortality; again, a three-to-one 
gure. 

There may be many reasons to account for this, but I think the 
most obvious is that the operation is simpler, takes a shorter time, 
less blood is lost, and less anesthesia is needed. There may be 
other factars too. 

The second important thing that Dr. Drapanas has settled: 
Many surgeons have asked whether these prostheses would stay 
open in the venous system, and he has reported on 15 long-term 
studies by angiography, and all 15 prostheses were patent one 
year or uw 

From July, '66 to December, '71 our group has operated on 25 
patients, and of these, 13 followed a year or longer, 11 were proven 
to be patent. One closure was due to a technical failure, proved 
at autopsy with an inadvertent suturing of both walls of the 
prosthesis, which is not recommended. The other patient whose 
prosthesis closed, was patent one month postoperatively by an- 
giography. He returned a year later because of massive hemorrhage. 
The angiogram showed it to be closed. He was subjected to a 
portacaval shunt, with a successful outcome. We do not under- 
stand why that happened. 

Of these two groups, 26 of 28 prostheses were patent. We have 
used Teflon. Dacron has been the best thing in Dr. Drapanas’ 
hands. It probably makes little difference. 

The final point that Dr. Drapanas has made, and we agree 
heartily, is that one should avoid emergency shunts in these pa- 
tients. In 12 of his patients, according to the data I gleaned from 
his paper, there were two deaths. In the 13 elective operations 
there were nons. In our 14 emergency operations there were six 
deaths in the first 6 weeks postoperatively, and there were no 
deaths in the 11 elective ones. 

For this reason, we believe that one should do everythin: 
possible on a conservative basis to control the hemorrhage, an 
then a few days later, a week or so, carry out an elective 
procedure. 


Dr. W. Dean Warren (Atlanta): Y would hasten to say that I 
disagree with one of Dr. Drapanas’ conclusions, namely, that 
there has been continued perfusion of the liver following the 
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H-graft type decompression that he has demonstrated so beauti- 
fully. 

Gne simply needs to consider the pressures which he pre- 
sented, the marked drop in portal pressure at the time of opera- 
tion and the very low portal pressure measured through the 
shunt postoperatively to know that there could be postoperative 
portal perfusion of the liver in that case. The intrahepatic pressure 
ranges from about 10 to 20 mm. 

Higher in the liver than it does in the vena cava; the apparently 
high potal pressure is accompanied by the high inferior vena 
caval pressure and the pressure differential is too low to perfuse 
the liver. . 

In addition to that, we have actually made angiograms of 
similar patients. (Slide) This is a patient in a randomized study 
that we are now doing who was randomized for a total shunt— 
that is, some type of shunt in which there is no attempt to make 
a selective shunt, as we do in the other group. This is the pre- 
operative splenoportogram, and you can see that the dye goes 
well out into secondary and tertiary branches within the liver. 
The next slide shows (slide) our postoperative splenoportogram 
showing total flow through the shunt. 

Dr. Drapanas’ slides left something to be desired. In fact, Dr. 
G. I, Campbell commented that his oratory was much sharper than 
his venograms. I do not believe that particular venogram was 
selected at random by Dr. Drapanas, and if that is the best he 
could show, it leaves a great question of any perfusion at all of the 
liver. 

We have never shown venous perfusion of the liver after 
this type of operation. This is the splenic vein with contrast 
medium flowing through the superior mesenteric and a mesorenal 
graft (which would be more limiting than the mesocaval) into the 
renal and up the cava. There is a 2-3 cm. tidal backwash into the 
portal vein, but we have never seen perfusion of the liver paren- 
chyma. On wedge hepatic venograms we can show that there is 
a hepatofugal flow from the liver sinusoids after this operation. 

I would like to comment on why I think this is an important 
paper. In the first place, this greatly simplifies the technic of 
doing a side-to-side that it will be applicable for emergency pro- 
cedures, which has been, in most series of recent vintage, the 
prime indication for the use of an end-to-side portacaval shunt. 

Secondly, in our own concept of portal physiology and the role 
of therapeutic shunts, those patients not suitable for a distal selec- 
tive splenorenal shunt fall into two groups, those with ascites and 
those with high intrahepatic pressures and little portal flow to the 
liver. In each instance, a side-to-side portacaval type shunt is the 
procedure of choice, and should be utilized in marked preference 
to an end-to-side portacaval shunt. This technic gives us the 
side-to-side decompression, which, as Dr. Drapanas pointed out, 
gives the best control of ascities and will also control bleeding 
very beautifully. 

The third point is that this shunt is easy to close. If severe 
encephalopathy ensures, there is a growing tendency to attempt 
to close the shunt and reconstitute some other type procedure 
without diversion of portal flow from the liver. We have just done 
this at Emory with Dr. Robert Smith who performed a selective 
distal splenorenal shunt and closed the mesocaval shunt. 

Dr. Richard Varco, who, by his own admission is one of the 
Nestors of American surgery: said, “The only trouble with the 
distal splenorenal shunt, Warren, is that you took an easy opera- 
tion and made it look hard.” 

We had a high mortality in our first 12 cases—over 50%. We 
have had 30 patients, combining the Miami and the Atlanta series 
since then. We have had two operative deaths—meaning within 
30 days. We had an additional late death in a patient still in 
the hospital, from a carcinoma of the liver which was undetected 
at the time of operation. So, we have a net operative mortality 
of 7%, a gross operative mortality of 10%, which is extremely 
important to this continued work. 

Secondly, we have had no patient admitted to the hospital with 
encephalopathy. We have one patient that might have had an 
episode in another city which was precipitated by morphine 


therapy for trigeminal neuralgia. There has been no bleeding 
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from varices. One man who died with marked hypercalcemina from 
terminal multiple myeloma vomited blood associated with erosive 
gastritis. 

There is no doubt that there is a tremendous difference between 
selective shunting and a total portal-systemic shunt. Although I 
do not agree with Dr. Drapanas on the selectivity of his shunt, the 
procedures gives us an improved method of management for 
approximately one-third of the patients who are not candidates 
for selective distal splenorenal shunt. 


Dr. Franr C. Spencer (New York): I am puzzled by the rare 
occurrence of late encephalopathy. How can this, shunt differ 
physiologically from a standard mesocaval shunt? 

The Columbia Presbyterian group in New York reported several 
years ago that the frequency of encephalopathy after mesocaval 
shunts was similar to that after portocaval shunts. The report today, 
however, show a much lower frequency. Physiologically, there 
would seem to be little difference between dividing the vena cava 
and connecting it to the superior mesenteric vein, as in the usual 
mesocaval shunt, or performing a similar caval-mesenteric an- 
astomosis by interposing a Dacron graft. 


Dr. Prin SaNpBLoM [Lund, Sweden]: I hesitate to criticize a 
new method which has given such good results and which certainly 
will be of value in selected cases, but I think perhaps I ought to 
say a few words to defend the old end-to-side portacaval shunt 
with consideration of our results. 

We started the procedure in 1947, after I had seen the work 
of Whipple and Blakemore in New York, so our results are from 
*old times." The material I will show was worked up by my 
collaborator Coal-Axel Euman. It covers the period from 1951 to 
1967, which gives us between 20 and 5 years of follow-up. 

During this period three developments occurred which could have 
made us change our attitude. The first is the controlled clinical 
study of comparative results recently published which is giving 
us a much better and safer opinion about the value of shunt 
operations as compared to conservative treatment. 

The second, is Dr. Child's differentiation into classes of dif- 
ferent severity, and the third is McDermott and his group's work 
with the portal flow, which also is important. ; 

All of this has given rise to several new modifications, of which 
we have heard several described here today. We have continued 
doing the simple portacaval end-to-side shunt, because our results. 

[Slide] The first slide shows our 365 patients through 1970, of 
which 55 were extrahepatic, and 300 for cirrhotic. Of these, 151 
with ascites, were our “bad group” and belonged to the Child’s 
groups "B" and "C"; 149 without ascites were our “good group.” 
We had not at that time distinguished between A and B, so this 
is also some of the group “B” according to Child. : 

Our mortality rate has been decreasing from the higher mortality 
during the first 5 years of our series. 

[Slide] In the next slide we see that the indications have been 
250 esophageal hemorrhage, and no less than 35 for ascites alone, 
and 16 as a prophylactic procedure. We have stopped doing the 
prophylactic procedure because of the recent research from several 
groups in the United States. We have also stopped it for ascites, 
but I am sure that that is right, as we had very good results for 
ascites with the end-to-side portacaval shunt. Thirty of these were 
entirely cured of their ascites, and there were several of them who, 
despite all medical means, were bedridden and had to be tapped 
every week in order to be comfortable. 

[Slide] This slide shows the operative mortality, which is 
rather high—14%—and especially in “the poor’ group, which in- 
cludes several with emergency shunts. Our results with emergency 
shunts have been very good, in fact; we have about 24% mortality, 
in spite of the fact that we have taken several from the poor 
groups; and 4.2% in the ones without ascites. 

[Slide] The next shows the causes of postoperative deaths, which 
have been largely due to hepatic failure, especially in the poor 

roup. 
2 [Slidel Late deaths have been due to hepatic failure, and about 
equal in both groups, and those generally are the end-stage of 
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continued cirrhotic process, ending in hepatic coma. We have had 
a number of secondary hepatic carcinoma, which I think will be 
the result if we keep those patients alive longer than they other- 
wise would, dying from hemorrhage. Seven died from phageal 
hemorrhage and three of them after acute emergency operations. 
We have only four that have occluded later, and three of them 
were in splenorenal and only one occluded of our portacaval 
shunts, 

[Slide] The next shows the survival rate of our cirrhotic pa- 
tients in the ones without ascites, and we still have seven living 
of 29 after 12 years. Without access to randomized series we have 
to compare to patients treated without operation elsewhere. We 
know that most of them are down to aboue 50% survivors after 2 
years. So we are convinced that the curve would look like this, 
about [indicating]. if they had not been operated on. But this 
Isay with reserve. 

[Slide] The next one is in the poorer group, with the higher 
mortality, and even there, without operation, I’m sure we would 
have the curve down here. [Indicating] We are looking forward to 
increased experience with controlled clinical trials, comparing the 
operations. 

What has surprised us is the low percentage of postoperative 
encephalopathy in our series compared to others, and generally 
occurring towards the end. We have had a few who have had 
single episodes early, but they generally have disappeared. I 
wonder if this can be due to the difference in the diet in Sweden 
and America, The high portein diet in America might give more 
ammonia, and more encephalopathy, than we find in our patient 
material 

Dr. TuEoponE Drapanas [Closing]: Dr. Campbell gave a 
very nice summary of Dr. Read's results from his own department. 
Although the venous autograft or homograft is also useful, we 
feel that the major problem with it is securing an adequately sized 
vein; although one can use the patient's own jugular vein this does 
increase the operative time. We have been reluctant to use homo- 
grafts, based on a late high occlusion rate when they are used 
as arterial shunts. 

Dr. Lord's results appear most identical to ours, and confirm not 
only that there is a low mortality with this operation but also that 
90% of these grafts stay patent. We certainly appreciate the pio- 
neering efforts of Dr. Lord and his associates in this field and he 
has given us much encouragement. 

As far as Dr. Warren's comments are concerned, I would 
emphasize that we were —— superior mesenteric and celiac 
arterial angiography, to demonstrate the flow hemodynamics dur- 
ing the venous phase. Splenoportography, of course, gives a much 
nicer demonstration on the x-ray and this has been well demon- 
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strated by Dr. Warren and Dr. Campbell, We simply prefer the 
selective angiography technic because we feel it is safer and 
gives more information. 

We are all indebted to Dr. Warren for his pioneering contribu- 


tions in demonstrating that total diversion with hepatic blood flow ~w.. 


may be bad for the liver and is associated with a high incidence 
of encephalopathy. In effect, this shunt is a. side-to-side type and 
does permit prograde flow to the liver in some patients. We have 
already demonstrated this. More importantly, it simplifies the 
operation in these critically ill patients and can be applied to 
most, if not all patients with a low operative mortality and a low 
postoperative incidence of encephalopathy. 

Dr. Spencer, I cannot answer your very pertinent question— 
why do patients in the series reported from New York who have 
had mesocaval Clatworthy type of shunts develop encephalopathy 
as opposed to our interposition type of sunt? Suffice it to say that 
encephalopathy has not been a problem in our own experience, nor 
has it been in Dr. Read's and Dr. Lord's series. Nevertheless, Y 
would remind you that spontaneous encephalopathy does occur, 
even without shunts, for many of these patients do have progressive 
severe liver disease. 

Dr. Sandblom, we are deeply indebted to you for presenting 
your long experience with portacaval shunts. Indeed, your studies, 
along with those of Drs. McDermott, Warren and Child, have 
certainly given us a baseline against which all new procedures 
must be compared. We do believe that these initial results in our 
hands demonstrate that we can operate on these sick patients 
and obtain a lower mortality. 

The problem is that there is approximately a 30% late mortality 
in these patients from liver failure following a portacaval shunt. 
If Dr. McDermott would excuse me for discussing the next paper 
before he presents it, for he was kind enough to send me a copy, 
you will see in his own series of portacaval shunts that the 
incidence of postoperative encephalopathy varies from 18 to 53%. 
We have had an identical incidence in our earlier experience with 
portacaval shunts as have Drs. Britton, Price and others. 

Finally, Dr. Francis Jackson’s statistics which were presented 
at this Association last year and which we quoted in the manu- 
script indeed show that although one can protect against hemor- 
rhage with a portacaval shunt, after about the second year there 
is no difference in survival between the shunted and non-shunted 
patients; the shunted group is dying of liver failure and encephalop- 
athy, and the group non-shunted is dying of hemorrhage. 

The important point is, they are both dead at about the same 
rate after the second year. We believe that we ought to do better 
than that and we are trying. 


Evaluation of the Hemodynamics of Portal Hypertension in 
the Selection of Patients for Shunt Surgery 


HE HISTORY OF portal-systemic shunts begins with 
T às first description of an experimental portacaval 
shunt carried out on a small series of animals by Nicholai 
Eck in 1877.5 This report served only to demonstrate 
that the construction of this type of shunt was com- 
patible with survival in the dog and no shunt problems 
or observations were described. In 1893, Hahn and col- 
leagues !? working in Pavlovs laboratory described a 
neurological syndrome occurring in dogs with con- 
structed Eck fistulas which they ascribed to dietary 
factors and referred to this syndrome as "meat intoxica- 
tion". Over the subsequent decades, intermittent interest 
was evinced in this association of hepatic disease, shunts, 
and central nervous system symptoms but no definitive 
studies were carried out. Burchi? in 1923 suggested that 
in the presence of defective urea synthesis, ammonia 
might be a toxic factor. Subsequently, Van Caulaert? 
Kirk 2 Gaustad ° and others reported observations on the 
ingestion of ammonium salts, the measurement of am- 
monia in collateral circulation in the abdominal wall and 
clinical disorders of mentation relating to this general 
area of hepatic disease and encephalopathy. It was not 
until 1953, however, that a series of reports from in- 
vestigators working with Davidson in the Thorndike 
Laboratories at the Boston City Hospital defined a syn- 
drome of impending hepatic coma precipitated by the 
ingestion of various nitrogenous materials and ion ex- 
change resins releasing ammonia in the gastrointestinal 
tract.51922 At about the same time, we reported our 
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initial observations on patients in whom the portal vein 
had been resected for invasive cancer of the head of the 
pancreas and an anastomosis constructed between the 
superior mesenteric vein and the inferior vena cava.!? 
The initial case report and subsequent observations 1411 
would indicate that every patient with a normal hepatic 
and portal circulation in whom a shunt is constructed 
would develop severe postshunt encephalopathy. Subse- 
quent to these observations, it became apparent that 
this syndrome also occurred in a significant number of 
patients in whom portal-systemic shunts had been con- 
structed in the presence of intrahepatic block and portal 
hypertension.5 Evidence accumulated that hyperam- 
moniemia might be a factor in the pxoduction of this 
syndrome and during the past decade, a number of 
long-term observations placed the incidence of postshunt 
encephalopathy in the range of 25% of the operated 
cases (Table 1). During the past few years, increasing 
interest has been focused on the factors involved in the 
production of the encephalopathy. The exact biochemi- 
cal changes affecting the central nervous system are still 
unsettled but, relative to the material in this. particular 
report, various hemodynamic observations from experi- 
mentàl and clinical studies emphasize the importance 
of hepatic blood flow as well as the factor of the shunt- 
ing of portal blood around the liver. Warren and 
Zeppa?9?*?5 in particular have emphasized the im- 
portance of maintenance of hepatic blood flow if the 
shunt is to be constructed and it has already been recog- 
nized that, while a standard Eck fistula was accompanied 
by the universal appearance of encephalopathy and 
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varying degrees of deterioration in hepatic function, a 
portacaval transposition?! protected experimental ani- 
mals against this series of postoperative metabolic prob- 
lems. 

The present report is concerned with hemodynamic 
observations in our own series of shunting procedures 
and with some of our own observations in experimental 
animals, all of which tend to support the thesis of War- 
ren and Zeppa relative to the importance of the main- 
tenance of hepatic blood flow. 


: Methods and Material 


In previous reports, we have emphasized the very 
significant differences between dogs with a standard 
portacaval shunt and those in whom hepatic blood flow 
has been maintained by portarenal transposition.1718 
The technic of portarenal transposition is shown.in Fig- 
ure l. Hepatic blood flow measurements in these ex- 
perimental animals was determined by the disappearance 
curve of injected radioactive colloidal gold (Au 195) and 
the estimated flow reported in terms of percentage of 
effective circulating blood volume per minute. 

The clinical material which was analyzed in terms 
of hemodynamics was drawn from a series of 410 elective 
portacaval and splenorenal shunts carried out between 
1945 and 1965. Hepatic blood flow determinations in 
these patients were carried out by technic originally 
described by Dobson‘ utilizing chromic phosphate 
labeled with P32 and the flow calculated in terms of 
per cent of effective circulating blood volume. In 83 
of these patients, prospective studies included the meas- 
urement of free portal pressure (FPP), hepatic occluded 
pressure (HOPP) in which the portal pressure was 
measured manometrically on the hepatic side of the 
occluded portal vein. Splanchnic occluded portal pres- 
sures (SOPP) were also measured but these. data are 
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Fic. 1. Technic of Portarenal Transposition in the Dog. (Repro- 
duced with permission from Surgery, 64:214, 1968). 


not included in this report because there is no apparent 
relevance to the particular aspect of the hemodynamics 
under immediate study. 

In the estimate of operative risk, Child’s categoriza- 
tion? has been utilized in which patients have been 
divided into A (good), B (fair), and C (poor). 


Results 
Experimental 


In Figures 2 and 3, data are presented which illustrate 
the striking difference in hepatic blood flow between the 











TABLE 1. Summary of Elective Portal-Systemic Shunts 
Incidence of 
Hospital Rebleeding 5 Year Post-Shunt 
Author Date Mortality from Varices Survival Encephalopathy Peptic Ulcer 
McDermott 1961 9.0% 15.0% 68.0% 18.0% 15.0% 
Walker 1961 6.0% 12.0% 70.0% 20.0% — 
Sedgwick 1966 21.5% 21.2% 57.1% 22.5% 5.0% 
Voorhees 1970 12.0% 2.0% 58.0% 34.0% — 
Child 1956 14.0% — Ea me — 
Palmer 1957 10.5% 14.0% — — — 
Foster 1971 19.0% 10.0% 40.0% 19.0% 4.0% 
Akkary 1962 23.0% 10.0% e 26.097, — 
(Schistosomiasis) 
Zuidema 1961 20.0% — — 15.0% — 
Schwarr 1968 5.0% 47.0% 30.0% — 
Barnes 1971 9.0% 
Patton 1959 19.0% — — 39.0% 8.0% 
Ellis 1956 11.0% 14.9% 50.0% — — 
Welch 1957 15.0% 20.0% — — = 
Wantz 1961 11.3% — — 21.8% — 
Voorhees 1970 12.0% 3.0% 37.0% 34.0% 12.0% 
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Fic. 2. Effect (average of 10 dogs) of end-to-side portacaval 
shunt on liver blood flow. 


standard portacaval shunt in dogs and the portarenal 
transposition. Figure 4 illustrates the protection against 
hyperammoniemia afforded by portacaval transposition 
and data previously reported by us has demonstrated 
the effectiveness of this type of transposition in prevent- 
ing weight loss and deterioration in a number of param- 
eters of hepatic function. 

Clinical 

The data relative to the occurrence of encephalopathy 
in 410 portacaval and splenorenal shunts constructed 
between 1945 and 1965 are shown in Table 2. The reason 
for the apparent increase in incidence over the years 
cannot be exactly defined but may relate to increasing 
awareness and recognition of this postoperative com- 
plication or perhaps to variations in the selection of 
patients for operation over the years. In a number of 
series reported between 1956 and 1970, the incidence 
has ranged from a low of 15% to a high of 39%. Most 
observers would accept an overall incidence of between 
20 and 25% and in terms of severity of encephalopathy, 
it has been customary to grade this clinically from 1-4 
with 1 representing minor and transient changes in cen- 
tral nervous system function to Grade 4 in which the 
patient lapses intermittently into deep and unresponsive 
coma. 

In the analysis of our own series, it was apparent that 
this complication is age dependent with an incidence of 
less than 20% in those patients under 20 years of age to a 
high of nearly 40% in those patients over 70 years of age 
(Fig. 5). In our own series, a few patients who were 
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Fic. 3. Effect (average of 5 dogs) of portarenal transposition : 
' — liver blood flow. 


originally free of encephalopathy for a varying numb 
of years following operation, began to develop varyi 
degrees of central nervous system symptoms as th: 
moved into the older age brackets. Because the disea 
itself is not associated with a large number of long-ter 
survivors and because the procedure has only been ca 
ried out for approximately 20 years in any significa 
numbers, more evidence must be accumulated befo 
this impression can be substantially supported. 


Hemodtnamics 


Initial studies on hepatic blood flow on some of the 
patients was reported by Nardi et al.5 In these report 
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Fic. 4. Comparison of the effects of portacaval shunt and portaren 
transposition on ammonia levels in dogs. (Reproduced with pe 
mission from Surgery, 64:214, 1968). 
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data and in subsequent observations, hepatic blood flow 
in terms of percentage of effective circulating blood 
volume has ranged from 40% (normal) to 192. There has 
been no correlation between measurement of initial 
hepatic blood and prognosis in terms of survival or in- 
cidence of encephalopathy. A significant drop in heptic 
blood flow following operation, however, was associated 
with a higher mortality and with the development of 
encephalopathy. 

Pressure Studies: In 83 of the 410 shunts, pressure 
studies were carried out as described above. These ob- 
servations are shown in Table 3 and the focus has been 
directed on the difference recorded between free portal 
pressure (FPP) and hepatic occluded pressure (HOPP). 
The cases have been arbitrarily divided into those in 
whom the drop was greater than 10 cm. of saline (Group 
I), those in whom the drop was between 5 and 10 cm. 
of saline (Group II), and those in whom the pressure 
either increased on the occluded side of the portal vein, 
remained essentially the same or showed a drop of less 
than 5 cm. of saline (Group III). Not only was the in- 
cidence of encephalopathy higher but the severity ac- 
cording to the standard clinical gradation from 1-4 was 
greater in Group I. Late mortality during the first post- 
operative year was 30% in Group I in contrast to 19% in 








TABLE 2. Incidence of Post-shunt Encephalopathy in a Series of 410 
Elective Portal-systemic Shunts in Man. 
Encepha- Porta- Encepha- Splero- Encepha~ 
Total lopathy caval lopathy rene] lopathy 
1945-58 237 28(12%) 71 12790) 166 16( 9%) 
1959-65 173 47(27%) 100  33(3390) 73 14(20%) 
410 75(18%) 171 45(26%) 239 30(12%) 
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Group III. These observations seem to have particular 
significance when attention is directed to the tabulation 
of the patients according to Child's category of risk. 
In Group I, all of the patients were classified in the good 
or fair category whereas in Group III, 87% of the patients 
fell into the fair to poor category; therefore, the difference 
in the incidence of encephalopathy and in the clinical 
course during the first postoperative year could in no 
way be ascribed to hepatic function or reserve. The data 
on the patients in Group II fall, as might be expected, 
between Groups I and III. Obviously one could arbi- 
trarily select a number of different dividing lines in terms 
of pressure changes but this particular tabulation seems 
to emphasize the differences most significantly. The im- 
mediate operative mortality was higher (12%) in Group 
III than in Group I (52); this is the only area in which 
estimate of hepatic function in reserve affected the overall 
clinical problem more than did the pressure changes. The 
data in terms of pressure and flow were not collected con- 
sistently enough in the same patients to establish a valid 
statistical correlation between a postoperative drop in 
the hepatic blood flow and.a drop in hepatic occluded 
pressure in HOPP as recorded at the time of operation 
but in a few cases in which all hemodynamic studies were 
available, those patients with a significant drop in hepatic 
blood flow also had a fall in HOPP. The collection of a 
more organized set of hemodynamic data in the future 
may establish a better correlation between these changes 
in pressure and flow. 


Discussion 


It has become increasingly clear that the syndrome of 
postshunt encephalopathy involves considerably more 
than the simple phenomenon of shunting of portal blood 
with its high concentration of ammonia and other ab- 
sorbed products of protein digestion and bacterial enzy- 
matic action in the gastrointestinal tract. The mech- 
anism by which ammonia and other absorbed products 
may affect the central nervous system is also far from 
clarified. It has been suggested on the basis of experi- 
mental anc clinical evidence that the pNH; rather than 
the total ammonia content of blood is important and 
therefore, the degree of metabolic disorder is dependent 
on the acid-base balance. More recently Fischer and 
James ** have implicated certain amines as false neuro- 
transmitters and, tied in with this concept, L-dopa has 
been shown to improve the central nervous system func- 
tion of patients in deep hepatic coma. A detailed discus- 
sion of the bicchemical mechanisms within the central 
nervous system is, however, beyond the scope of this 
report. 

Of the factors involved in the induction of encepha- 
lopathy, age is certainly important and, as has been indi- 
cated, the incidence of postshunt encephalopathy in- 
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creases with each decade of life in which a shunt is 
constructed. 

Hepatic blood flow following a shunt is certainly of 
great significance. The observations on experimental 
animals indicate that maintenance of hepatic blood flow 
following a shunt will almost completely negate the 
adverse effects in terms of encephalopathy, weight loss, 
malnutrition and a number of parameters of hepatic 
function. In clinical studies the incidence of encepha- 
lopathy bore no relationship to the preoperative hepatic 
blood flow but a drop in hepatic blood flow from what- 
ever initial level was associated with neurological com- 
plications and frequently with progressive hepatic de- 
terioration. While interesting, these observations do not 
permit any prediction in terms of prognosis after shunt 
operation. 

Pressure studies can be recorded, however, prior to the 
construction of a shunt and from the data reported would 
appear to serve as a rough index of the amount of 
prograde flow to the liver in the portal vein and there- 
fore can be used as a guide to the proportion of the total 
hepatic blood flow provided by the portal vein. In our 
data a drop in the hepatic occluded pressure from the 
initial free portal pressure of greater than 100 ml. of 
saline was associated with an incidence of encepha- 
lopathy to approximately three times that of patients in 
whom there was either an increase, a minimal decrease 
(less than 50 ml. of saline) or no significant change in 
the hepatic occluded pressure; in addition, despite the 
fact that patients categorized as Group I were better risks 
by clinical assessment and by hepatic function, the late 
mortality during the first postoperative year was higher 
than the poor risk group of patients included in Group 
III. 

Clinical evaluation and assessment of hepatic function 
are certainly a gauge of immediate operative risk but are 
of little value in determining either the longterm results 
or the likelihood of post-shunt encephalopathy. Rapid 
deterioration of some of the best risk patients occurs with 
disturbing frequency. Similar deterioration occurs fre- 
quently if a portal-caval shunt is constructed for portal 
hypertension resulting from schistosomiasis, to the extent 


that many surgeons in the areas where schistosomiasis : 
endemic have avoided shunt operation and relied o 
various types of disconnection procedures to control th 
hemorrhage. 

Once could speculate that the progression of intr: 
hepatic portal bed block, particularly in cirrhosis, ma 
often result in a progressive decrease in flow to the live 
via the portal vein. If not compensated by an increas 
in hepatic arterial flow sufficient to support the remai 
ing functioning hepatic parenchyma, the natural histor 
may be one of steady deterioration and death fro: 
hepatic failure. On the other hand if compensation occu: 
through increase in arterial flow, a relative stable situ: 
tion may result and bleeding from esophageal varices : 
a complication of the portal hypertension lead to a porta 
systemic shunt. The data presented would support tł 
concept that the ultimate success of shunt operation i 
terms of survival and freedom from encephalopathy me 
depend primarily on low prograde flow in the portal ve; 
with a compensatory increase in arterial flow throug 
the hepatic artery; under these circumstances the co) 
struction of a shunt with diversion of portal flow woul 
not alter significantly the existing hemodynamics. 

If these concepts are supported by further observatioi 
and studies, more exact means of evaluating the hem 
dynamics of the liver will be essential to proper pr 
operative evaluation. If a high risk group of patients cz 
be satisfactorily identified, then procedures other the 
the standard types of portal-systemic shunts are ind 
cated. Superficially one might say that any type of sid. 
to-side decompressions from the portal to the system 
circulation would provide maintenance of flow to the liv 
but in fact, in the presence of the elevated intrahepat 
pressure this type of shunt results in retrograde flow fro: 
the liver through the shunt. Warren, Zeppa and Fomon 
and Britton! have described newer modifications ı 
shunting procedures which are designed to mainta: 
hepatic blood flow after selective decompression : 
esophageal varices; whether these will achieve the ull 
mate objective of adequate decompression and freedo: 
from postshunt complications will await a longer peric 
of evaluation than exists at the moment. Our own prefe 


TABLE 3. Hemodynamic Studies on 83 Patients with Portal Hypertension as Related to Post-shunt Complications. 











Difference 
between Total Postshunt Category of Risk 
FPP and HOPP Cases Encephalopathy (Child’s Classification) Deaths 
Grade Total 
1234 Total A B C 3 mos. 3-6 mos. 6-12 mos. (1 year) 
Group I >10 cm. saline 17 1143 9(53%) 6 1i 0 4 — 1 5 (30%) 
(35%) | (6490) — 
Group II 5-10 cm. 25 2422 10(40%) 7 15 3 4 1 2 7 (28%) 
(28%) | (6095) (12%) 
Group III «5 cm. 41 4121 8(18%) 5 26 10 1 3 8 (19%) 


(12%) 
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ence in the high risk patients at the moment is the use 
of portal-azygous disconnection similar to the procedure 
which has been used for many years by Tanner rather 
than any type of portal-systemic shunt. 


Summary 


1. Experimental and clinical data have been presented 
relative to factors influencing post-shunt encephalopathy 
and hepatic failure. 

2. Post-shunt encephalopathy increases with each dec- 
ade of life. 

3. Maintenance of hepatic blood flow is vital to a 
satisfactory result following shunt operation. 

4. Measurement of FPP and HOPP can be used as an 
indicator of prograde flow in the portal vein and as a 
rough predictor of the likelihood of post-shunt encepha- 
lopathy. 

5. Technics of hemodynamic evaluation should be 
amplified and used prior to contemplated operation for 
portal hypertension in order to identify high-risk patients 
and to select the appropriate operative procedure. 
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(Slide) The technic of umbilical vein cannulation is illustrated 
here. This is done before the day of testing, preferably under 
field block or regional anesthesia, and preferably extraperitoneally. 
Then on a subsequent day an inner catheter can be passed through 
the umbilical vein retrograde in the left portal vein and into the 
main stem portal vein in a hepatofugal direction to the the region 
of the confluence of the splenic vein and mesenteric vein. Then by 
slowly introducing small amounts of Lipiodol, a water immiscible 
material, small droplets can be formed, and their motion in the 
portal vein can be observed by subsequent analysis of cineradio- 
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ams. The velocity of droplets of this size approximates mean 
inear velocity of blood in model experiments under conditions 
encountered in the human portal vein. 

By simultaneous biplane portography one can estimate the 
diameter of the portal vein in two dimensions and therefore one 
can calculate the approximate average cross-sectional area. Know- 
ing the cross-sectional area and the mean linear velocity, one can 
determine portal vein blood flow in the unseated, unanesthetized 

atient. 
r This technique may have an advantage over tracer techniques, 
in that if there are shunts around the cirrhotic liver, one has the 
catheter between the portosystemic shunts and the liver itself, 
so that portal flow can be determined without regard to interference 
from portosystemic collaterals. 

Flow determination by this method can be influenced by the 
size of the droplet, the size of the portal vein and the velocity 
range within the portal vein at a particular time and in a 
given patient. However, in model experiments where droplets 
of 1 to 3 mm. diameter are used, and with diameters of tub- 
ing which approximates the diameter of the portal vein in the 
human being, droplet velocity in human blood has correlated 
very well with the mean linear velocity. These model experiments 
have been performed recently by Dr. Sovak and collaborators 
working in Dr. Lynch's laboratory in our Department of Psysiology. 

This method measures portal venous blood flow, and we do 
not know how this correlates with nutritional blood flow to the 
liver in cirrhosis but we believe it may be as close as we can get 
at this time to an expression of portal blood flow as part of the 
total hepatic blood flow in the preoperative cirrhotic. 


Dr. W. DEAN WannEN (Atlanta): I believe that Dr. McDermott 
and his colleagues have probably made more contributions of real 
importance to this field than any but the original Whipple-Blake- 
more-Rousselot-Lord group that started the whole thing. 

He has appreciated one point that his eluded most people who 
have referred to our work, and that is the significant hemodynamic 
features that are related to response of a patient to operation. 

(1) The estimated total hepatic blood flow can be correlated 
with the stage of portal hypertension as related to that volume 
of portal flow estimated to perfuse the liver. The Class 1, or the 
VEM ortal flow patients, as shown by angiographic technics, have 
a higher preoperative estimated hepatic blood flow than those who 
do not. The critical point is that the drop in flow post-portacaval 
shunt in the high flow group far exceeds the change in the other 
groups. We feel this is the significant feature—that sudden, 
complete deprivation of portal flow of a major degree is harmful 
to the liver. One has to evaluate this in relationship to the severity 
of the liver disease. 

A Class-A patient who loses a lot of portal flow will be worse 
off than a Class-A patient who loses little flow; the same thing 
is true in Class-C. 

However, the biggest need in this field for accurate hemody- 
namic studies. The radioactive colloidal gold technic, as you all 
know, is fraught with errors in the cirrhotic, and you have to do 
it by groups in order to get statistically significant data. 

I believe that the technic as described by Dr. Reichle is going 
to add important information to this field. 


Da. MARSHALL J. ORLOFF (San Diego): Dr. McDermott’s excel- 
lent paper deals with three burning issues, regarding the use of 
portacaval shunt for the treatment of a disease that, without 
surgical treatment, has a five-year mortality rate of almost 100 
per cent. The first of these issues, viewed in the background of 
the lethality of cirrhosis and bleeding varices, is: What preopera- 
tive criteria can be used to select cirrhotic patients with bleeding 
esophageal varices for portacaval shunt or other legitimate forms 
of therapy? It is accurate to state that today this problem has still 
not been resolved. It has been with us ever since the portacaval 
shunt was devised, yet there are no widely acceptable, clearly 
identifiable criteria for selection of patients for a portacaval shunt. 
Certainly, the results of liver function tests and clinical criteria 
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based on examination of the patient do not permit prediction of 
survival or encephalopathy except at the very extremes of the bio- 
chemical and clinical abnormalities in the cirrhosis spectrum. 
Several years ago Dean Warren and his colleagues proposed be- 
fore this Association that it might be possible, on the basis of a 
thorough preoperative hemodynamic evaluation, that included 
hepatic vein cathetherization, pan-angiography and determinations 
of liver blood flow, to develop criteria for selecting patients for 
portacaval shunts. This very attractive proposal remains to be 
tested, and it is essential that it be tested by prospective studies in 
large numbers of patients. Bill McDermott’s work deals with only 
one facet of the Warren plea to hemodynamic evaluation, 
namely, the measurement of liver blood flow preoperatively by the 
disappearance of a radio-colloid from the blood, and it shows 
no correlation with survival or encephalopathy. This finding, how- 
ever, is not surprising because, of all of the hemodynamic assess- 
ments, it is the one which is fraught with the greatest error in 
patients who have liver disease. 

The second important issue that this paper concerns is: To what 
extent does diversion of portal blood away from the liver influence 
liver function and, therefore, survival? This is not an easy issue 
to resolve, because it involves more than just simply the amount 
of portal blood diverted. It also involves the amount of hepatic 
arterial compensation for the diversion of portal blood, and hepatic 
arterial compensation to some degree invariably follows a porta- 
caval shunt. The problem is, it is very difficult to predict the 
degree of hepatic arterial compensation. 

Again, several years ago, Warren and his colleagues proposed, 
‘on the basis of preoperative hemodynamic studies in a small 
group of patients, that it might be possible to define the influence 
of blood lios on survival and liver function, and they suggested 
that patients with a large prograde portal flow, ones who would 
suffer the greatest diversion of flow by a shunt, would not tolerate 
a portacaval shunt very well. Conflicting with this logical proposal, 
Price, Vorrhees and their colleagues, by intra-operative flow mea- 
surements, found no correlation between pre-shunt liver blood 
flow and ultimate survival. Again, this very important issue must 
be resolved as prospective studies in a large number of patients. 

The third issue concerns the influence of diversion of portal flow 
on the development of encephalopathy. As Bill McDermott points 
out, this is not a simple issue, since encephalopathy is influenced 
by both the degree of liver function impairment and the rate at 
which nitrogen is shunted into the systemic circulation. Unfortu- 
nately, to date there are no prospective studies of the incidence 
of encephalopathy in patients who have undergone shunts. 

With this preamble, I would like to show data identical to Dr. 
MoDermott's on a slide. 

We have performed hemodynamic evaluations in some 200 un- 
selected cirrhotic patients who have undergone emergency porta- 
caval shunt, and stimulated by Dr. McDermott’s abstract, we 
divided our patients into the same groups that he described. As 
you can see, in the patients who had no diversion of portal flow 
following the shunt because they had spontaneous reversal of 
flow, the survival rate was the lowest of all, and the incidence of 
encephalopathv was quite high. This finding is quite the opposite 
of what might be predicted by Dr. McDermott's hypothesis. 

Similarly, of the patients with prograde portal flow, those who 
had the smallest diversion of portal blood as a result of the shunt, 
had the highest incidence of encephalopathy. Lastly, we found 
no difference in survival between the group with a moderate 
prograde flow (51-100 mm. difference between FPP and HOPP) 
and the group with a high prograde portal flow (7100 mm. 
pressure difference) following portal diversion. 

I do not think that Warren's hypothesis and McDermott's sup- 
port are incorrect, Since their proposal is certainly logical. What 
I do conclude is that it remains to be tested by prospective studies 
in a large number of patients. Such studies are badly needed. 


Da. Winam V. McDzenworr (Closing): I wish to before 
closing, take a moment to comment on Dr. Drapanas’ paper, 
since I wanted to show our own data before introducing a com- 
ment on his. 
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It is important to note that his patients purposely were all B 
and C categories by the Child category. 

Those of our patients in Group 3 all fell into the B and C 
category, and in terms of per cent of encephalopathy and long- 
term survival, they did better over the long haul despite the fact 
that they were the poorer risks. So Dr. Drapanas’ really superb 
record may be due in part to the inadvertent selection of patients 
who, albeit have a high operative mortality, once they survive 
operation, are likely to have a lower incidence of encephalopathy 
and hepatic deterioration, because they do not have any significant 
diversion of liver blood flow. 

At any rate, that remains to be seen, but it is a possible ex- 
planation for these results, rather than the type of shunt itself. 

Certainly Dr. Warren’s comments, as always, are excellent. 
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Regarding Dr. Orloffs question—what pre-op criteria would 
you use?—interestingly enough, the Child category of risk is fine 
in terms of operative mortality. In our group the B and C group 
had a 132 mortality; the A group a 2% mortality. But again 
let me emphasize, once you get through the operative phase, the 
Group B and C may do much better than many in Group A, 
because there is no impact on hepatic function in terms of altera- 
tion in livez blood flow. 

Dr. Reichle presented today is an excellent addition to our 
repertoire for evaluating hemodynamics, and it is becoming in- 
creasingly clear that this is what we need in terms of preoperative 
criteria, rather than our heretofore standard assessment of liver 
function by clinical evaluation and by standard tests. 


— 


The Production, Attrition, and Biologic Life-Time of Surgeons 
in Relation to the Population of the United States: 


A Look into the Future through the Clouded Computer Crystal 


Introductory Comment 


(Dr. Moore) This is a demonstration Panel. We hope 
to show what can be done in projecting over time, the 
ratio of the number of surgeons (or any other group of 
physicians) in relation to the population of the United 
States (or any other changing population group, be it 
local, regional, or national). This demonstrates how, in 


' actual practice, a voluntary agency of our profession 


might provide guidelines to the American Boards and 
their Residency Review Committees, were we to under- 
take some measure of national control over the residency 





Panel discussion by Drs. Sabiston, Warren, Peterson, Zeppa, and 
Moore at the Annual Meeting, American Surgical Association, San 
Francisco, California, Thursday, April 27, 1972. We are indebted 
to Mr. Paul Gottlieb and Mr. James M. Haug of the Center for 
Health Services Research and .Development, American Medical 
Association, Chicago, for many of the data on current numbers of 
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prepared the tables and Miss Tehrie Holden for the charts. 
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production-line of surgeons in all fields of work. We need 
not belabor the fact again that if American Surgery 
and Medicine do not undertake this sort of control them- 
selves by their own voluntary efforts, government will feel 
constrained to move in by legislative restriction. 

Many numbers are necessary to provide the data on 
which such an exercise in computer projection can be 
based. The numbers we use today are the best available 
to us at this time. We indicate their origin in the text 
or in the tables and charts. More complete data, or cur- 
rent data for each year may well become available as 
several national agencies assist in gathering their num- 
bers. It is for this reason more than any other that we 
emphasize that this is but a demonstration Panel. In no 
wise should these numbers or projections be regarded as 
the final "last word" on this topic. The various American 
Boards of Surgery, the American Colleges, or Academies, 
may develop additional data that would revise these 
projections. It is our belief that such revisions would be 
minor but revisions there will surely be. In any event, 
such projections or national guidelines for the post- 
graduate training of surgeons should under no circum- 
stances become fixed or crystallized, considering the 
changing nature of the surgical needs of the population 
and the enlarging horizons of surgery itself. 

‘A word about our relationship to SOSSUS—the ASA- 
ACS Study on Surgical Services for the United States. If 
it were not for the existence of the on-going SOSSUS 
Study, and its keen support by all of the divisions and 
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specialties of surgery and the several Boards, we would 
not be able to present this Panel. The stimulus to think 
along these lines and the timeliness of such a Panel are 
traceable to the SOSSUS effort being carried forward 
under its Executive Committee and its Chairman, Dr. 
George Zuidema. Some of the data we present will be 
based on SOSSUS Studies, particularly those of the 
Manpower Subcommittee. And yet, since we are dealing 
with projections for the future, which must in a sense be 
“ soft numbers" with more than a few unknowns, this Panel 
is not in any sense an official SOSSUS report. Several 
participants in this Panel are not members of the 
SOSSUS Subcommittees although they have contributed 
immensely by adding their special skills to this project. 

Although not an official SOSSUS report, this Panel 
should help the reader to understand the mission of 
SOSSUS, the need for data, and the need for imagina- 
tive thinking about the future of surgery, medicine and 
all the specialties in the United States. Many projections 
of all types need to be made in relation to cities, counties, 
states, and regions, and for all the various branches and 
fields of surgery and medicine. This Panel but demon- 
strates a method. 


The Question 


(Dr. Moore) Is the number of surgeons now being 
trained in residency programs in the United States just 
about right to maintain a constant supply for this coun- 
try, or will we gradually inundate our nation with sur- 
geons far in excess of the present numbers, outgrowing 
any reasonable needs of the population? Our Panel here 
is an attempt to answer that question. 

First, a word about the ground rules. We are dealing 
this afternoon with Board-certified surgeons only. In a 
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mathematical exercise of this type it is necessary to stay 
with one well-defined group. Similar calculations could 
be done for non-Board-certified surgeons, general prac- 
titioners who are performing surgery, or, of course, any 
other group of physicians or specialists, or indeed, for all 
the doctors in the United States—for any group for which 
numbers are available. But for this particular exercise it 
is the Board-certified surgeons, as certified by all 10 of 
the American Boards, with which we are concerned. 
The first thing we need, therefore, is the number of 
Board-certified surgeons now in this country and their 
ages. This is our starting base for all the rest of the ex- 
ercise. The data presented in Table 1 are from the AMA 
tapes with readouts sent to us by Mr. Paul Gottlieb and 
Mr. James Haug in November of 1971, from the AMA 
Center for Health Services Research and Development. 
The programmers there have kindly rerun these tapes 
for us to check the Board-certified surgeons and to avoid 
confusion from reduplication by men who are certified by 
more than one Board. The data that result check well 
with numbers that we have obtained from other sources 
for the Manpower Subcommittee and from the Boards 
themselves as corrected for death and retirement. Spe- 
cifically, there are 46,469 Board-certified surgeons at 
work in active practice today in this country—or were 
as of November, 1971, when these tapes were run." 
The age groups are essential for this program since we 
must kuow how old the men are now in order to estimate 
when they will complete their active careers. As will be 
observed in Table 1 they “peak out” at the age of 40-44 
where 18% of our colleagues enjoy life. A total of 53% are 





?'The AMA tapes are updated on a weekly basis. Within a 
few percentage points the data can be considered current. 











TABLE 1. Age Distribution of Board Certified Surgical Specialisis-—November 1971 
Age «29 30-34 35-39 40-44 45-49 50-54 55-59 60-64 65-69 >70 TOT 96 
Speciality 
| CRS 0 7 29 22 49 32 57 55 39 32 322 0.7 
NS. 0 16 241 278 275 222 152 93 74 2 1353 2.9 
Ob. Gyn. 0 163 1695 1977 1895 1438 1133 769 511 205 9786 21.1 
Oph. 2 370 1072 934 761 653 749 644 417 245 5853 12.6 
Orth. 0 318 1341 1279 906 782 647 382 273 83 6011 12.9 
Oto. 1 158 494 389 336 419 490 542 429 416 3674 7.9 
Plast. 0 11 127 203 159 129 85 55 40 19 828 1.8 
Surg. 0 811 2223 2283 2612 2221 1639 888 468 30 13175 28.4 
Thor. 0 47 433 518 486 350 184 99 59 2 2178 4.7 
Urol. 0 32 523 596 560 543 389 333 215 98 3289 7.1 
Total 3 1933 8178 8479 8045 6789 5525 3860 2525 1132 46469 
KA 0 4.20 17.6 18.2 171.3 14.6 11.9 8.3 5.4 2.4 100.0 
Explanation of Terms 
CRS —American Board of Colon and Rectal Surgery Oto, —American Board of Otolaryngology 
NS — American Board of Neurological Surgery Plas. —American Board of Plastic Surgery - 
Ob. Gyn.—American Board of Obstetrics and Gynecology Surg. | —American Board of Surgery 
Oph. —American Board of Ophthalmology Thor. —American Board of Thoracic Surgery 
Orth. Urol. | -—American Board of Urology 


— American Board of Orthopedic Surgery 
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TABLE 2. Recent Trends in Board Certification; Average Number per Year (% Increase/% FMG) 
Board 1950-54 1955-59 1960-64 1965-69 1970 1971 

2 CRS 30( ?/4) 13 (—59/10) 11 (—10/30) 12 ( 4/44) 32 (167/34) 23 (—28/35) 

~w NS 51 ( 76/2) 55( 7/85) 56( 1/10) 82 (48/ 7) 82( 0/10) 92( 12/ 7) 
Ob. Gyn. 289 ( 45/3) 308( 7/3) 403( 31/5 643 (60/11) 625 (—3/18) 620 ( —1/19) 
Oph. 238 (139/?) 179 (—25/ ?) 188( 5/ ?) 290 (53/ ?) 382 ( 32/ 1) 383(  0/ ?) 
Orth. 208 (114/?) 156(—25/ ?) 195( 25/ ?) 389 (99/ ?) 418( 7/ ?) 500( 20/ ?) 
Oto. 157 ( ?/?) 65(—59/ ?) 102( 58/ ?) 138 (35/ ?) 239 ( 73/ ?) 332( 39/12) 
Plas. 24 (243/2) 25( 3/2) 43( 74/ 6) 61 (40/ 5) 89 ( 46/ 4) 95(  7/ T) 
Surg. 602 ( 91/?) 695( 15/ 3) 717( 8/10) 731 ( 2/20) 777 ( 6/25) 873( 12/25) 
Thor. 52( ?/?) 96( 85/ ?) 121 ( . 26/16) 151 (24/21) 146 (—3/32) 160( 10/34) 
Urol. 114 ( 63/7) 133( 16/ ?) 113(—15/ ?) 153 (36/ ?) 182 ( 19/ ?) 205( 13/ ?) 
Total 4765 1725 1949 2650 2972 3283 
Incr. #/% —40/—2 224/A3 701/36 322/12 311/10 
FMG #/% (6 Boards) 34/3 121/ 9 236/16 315/21 454/21 





Explanation of Terms 
See Table 1 
FMG = Foreign Medical Graduates 


"f^ between 35 and 49 years of age. The thundering herd of 
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American surgeons is therefore young and vigorous, and 
we can rely on them for 20 or 30 more years. 

The next number we need is the input into this popu- 
lation from the American Boards. For this we turn to 
Dr: David Sabiston, Chairman of the American Board of 
Surgery, who has been of great assistance not only in 
preparing this Panel and its calculations but also to the 
SOSSUS study by obtaining these data for us. 


Manpower Input from the Boards 


(Dr. Sabiston) The data to be presented concern the 
number of graduates who during the past twenty years 
have completed successfully the requirements and passed 
the examinations of the American Board of Surgery and 
of nine other surgical Boards. In addition, the number of 
training programs currently approved and the respective 
positions available will be presented together with the 
present and projected trends for each of these major 
surgical disciplines. 

The Boards under discussion are the American Boards 
of Surgery, Obstetrics and Gynecology, Ophthalmology, 
Neurosurgery, Orthopedics, Otolaryngology, Thoracic 
Surgery, Plastic Surgery, Urology, and Colon and Rectal 
Surgery (Table 2). First, let us examine the pattern and 


shown for all ten Boards, as well as the annual percentage 
increase averaged over a five year period for the earlier 
years; Here also is listed the total number of graduates 
from foreign medical schools (those outside the United 
States and Canada). These figures indicate a steady rise, 
from only 34 for all Boards in 1955-1959 to a total of 454 
for the year 1971. For 1970-1971 there was a 21 per cent 
increase, and Dr, Warren will discuss the implications of 
this trend in greater detail later. 

The total number of trainees certified by all ten of the 
Boards is shown in Tàble 3. The American Board of 
Surgery leads the list with more than 17,000 certified. 
Next is Obstetrics and Gynecology with some 12,000, 
followed by Ophthalmology, the oldest of the Boards 
(being established in 1916), with a total of 8,000. The 
last column is the most germane since it lists those certi- 


TABLE 3. Best Estimates of Current Board Certified Surgical Man- 
power; Total Board Certified Surgeons as Reported or Estimated by 
Boards— November 1971 








Recorded or 
Estimated Alive 





number of total trainees in all programs from 1950-1971. 
During this period the total number of residents success- 
fully completing the requirements of these ten Boards 
rose from 1765 in 1950-1954 to 3283 in 1971. The average 
for the period 1967-1971 is 2759 annually, representing an 


. increase of 90 per cent in this twenty year period. This 


represents an average increase of about 4.5 per cent per 
year, and several Boards are increasing certification rates 
by more than 10 per cent per year. 

Of particular significance are the data shown in Table 
2. The increments in absolute numbers per year are 





Total ; and Active 

Board Certified Since 11/1/71 

Amer. Bd. Surg. 17,496 1937 16052* 
Colon-rectal 428 1949 322 
Neuro-surg. 1,619 1940 1353 
Gyn. 12,305 1930 9786 
Ophthal. 8,000 1916 5853 
Orth. 6,511 1934 6011 
Oto. Lar. 6,979 1924 3674 
Plas. 989 1939 828 
Thor. 2,491 1948 2178 
Urol. 4,090 1935 3289 
Total 60 ,908 49346 
(Minus ABS Overlap) —2877 
Total Active Board Certified Surgeons 46469 


* ABS Total 13175 (= 16052 — 2877) 
Explanation of Terms, See Table 1. 
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TABLE 4. Number of Approved Residency Programs and Polennal 
Positions 
1969-70 
Specialty Programs Positions 
General Surgery 460 6853 
Plastic Surgery 91 263 
Colon & Rectal 17 28 
Neurosurg 84 577 
Ob-Gynecology 356 3124 
Ophthalmology 159 1407 
Orthopedics 228 2154 
Otolaryngology 105 1056 
Thoracic 93 336 
Urology 180 1034 
Total 1773 16832 





fied who are now living and in active practice, represent- 
ing a total of 46,469. 

The number of approved training programs in each for 
the ten Boards together with the total number of posi- 
tions for the trainees are shown in Table 4. At present, the 
American Board of Surgery accepts candidates from 460 
approved programs with a total of some 6,000 positions 
available. Since the surgical programs are four to six 
years in length, more than 1,000 complete training each 
year. Obstetrics and Gynecology is next with 356 ap- 
proved programs and some 3,000 positions and is fol- 
lowed by Orthopedics with 228 programs and 2,000 
positions. All ten Boards have a total of 1,773 approved 
programs with 16,832 positions available, Actually, only 
about 12,000 of these are filled currently with candidates 
who will enter the Board-certification system. These un- 
filled positions pose a problem of considerable magnitude, 
and the American Board of Surgery and the Conference 
Committee are now giving considerable attention to the 
number and quality of approved programs in general 
surgery. 

The data for several of the Boards will be considered 
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from the viewpoint of total trainees being certified with 
emphasis upon current trends. 

Charts indicating the number of candidates certified 
by the various Boards are shown in Figures 1-10. Several 
Boards showed a marked increase in certification shortly 
after World War IÍ, due to the upsurge of qualified can- 
didates who became available at that time. In 1971, 873 
candidates passed the examinations of the American 
Board of Surgery, approximately 100 more than the 
previous year. Obstetrics and Gynecology experienced a 
slow rise through the 1950s and early 1960s with a definite 
upswing after 1966, and now approximately 600 are 
certified annually. Orthopedics has shown a dramatic 
growth with a sharp upturn since 1965, and this Board 
now certifies approximately 500 candidates annually. 
Neurosurgery has shown a similar pattern with a recent 
increase, certifying about 100 trainees each year. Plastic 
Surgery began its increase somewhat earlier than the 
previous two Boards and is continuing on a sharply up- 
ward course, certifying about 100 annually. Thoracic 
Surgery has shown a progressive rise in certified candi- 
dates, now totaling about 150 annually. In the past, all 
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of the Thoracic diplomates were also certified by the 
American Board of Surgery and a large majority of can- 
didates continue to take both Boards, although the Tho- 
racic Board is now an independent Board. 

The sharpest rise has occurred in Otolaryngology, 
probably reflecting increased emphasis and needs in this 
discipline. In the past five years the number certified has 
increased more than 100 per cent and is currently at the 
level of 300 annually. 

In summary, the data presented indicate that 3283 
graduates were certified by these ten surgical Boards in 
1971 with an average for the past five years of 2759. This 
number (2759) is the one supplied the computer pro- 
gram when seeking the “constant input” into the surgical 
population at the present rate. The ages of certification 
center around 35, and the program employs the follow- 
ing five-year appearance rates: Ages 30-34, 16.3 per cent; 
ages 35-39, 67.9 per cent; ages 40-44, 15.8 per cent. 

(Dr. Moore) So the key number is 2759 new diplo- 
mates certified by the American Boards each year. This 
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is the present rate, averaged for the last 5 years. This i 
the number used in the computer for the so-called “con 
stant input projection" which we will see later on. 

Just how many of these surgeons will be from foreign 
schools? For this, we turn to Dr. Richard Warren who fo: 
several years has worked with the American College o 
Surgeons Committees in this field. 


Manpower Input of Foreign Medical Graduates 


(Dr. Warren) First, I should like to emphasize tha 
Dr. Walter Ballinger is Chairman of the Committee o: 
International Relations of the American College of Sur 
geons. I am working with a Subcommittee that is makin; 
a survey to find out how many of the foreign medica 
graduates actually go home again and how many staj 
in the United States. Unfortunately I can provide very 
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little information on that difficult question at the present 
time. Second, I would like to refresh our memory a bit 
on some figures concerning the present status of the 
foreign medical graduates' contribution to our medical 
and surgical manpower. The figures that I am going to 
present are from the 1970 AMA report, and we must 
emphasize that here we are referring to the "self-identi- 
fied" surgeon, and for this particular example we are 
therefore departing from the strictly Board-certified 
category. 

In Table 5 we show the number of foreign medical 
graduates in the 73,000 surgeons in the United States. I 
must emphasize again that this larger figure includes 
both Board-certified and non-Board-certified men per- 
forming surgery. It does not include General Practi- 
tioners or Osteopathic Physicians. As you will notice, 
14% of this larger number are in training at the present 
time; of the 12,000 foreign medical graduate surgeons in 
the United States, 36% are still in training. This empha- 
sizes that the foreign medical graduate is in the younger 
age group of our surgical population. At present, about 
292 of all surgical residents in the United States are 
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foreign medical graduates. In university clinics the per- 
centage is around 16% whereas in non-university hos- 
pitals it rises to about 60%, sometimes as high as 70-80%. 

For future projections, we need “to get a handle on 
how many of the surgeons who enter the country (or the 
doctors who come in and are trained as surgeons) 
actually stay. This is a number which has been ex- 
amined for certain sub-groups of the surgical population 
by various individuals, Dr. John Schilling and Dr. Joseph 
Evans among others. Dr. Irene Butter of the University of 
Michigan, calculates that about 75% of foreign medical 
graduates who come to this country, remain here.’ This 
means that about 21% of the present surgical residents 
in this country are foreign medical graduates who will 
remain. 


TABLE 5. Foreign Medical Graduates—Data Summary 





A—FMG Fraction of Doctors 


Total USA Physicians 334,028 
FMG Physicians (17%) & 57,217 

Total USA Surgeons (FMG, CMG, & USMG—BC 

& NBC) 86,042 
Surgeons (26% of physicians) 86,042 
FMG Surgeons (14% of Surgeons) 12,471 

B—FMG Fraction of House Staff 

Total Native Surgeons (USMG & CMG—BC 

& NBC) 73,571 
House Staff (USMG & CMG) (14%) 10,603 

Total Surgical House Staff in USA (USMG, 

CMG & FMG) 15,472 
FMG House Staff in USA (29%) 4,493 

Total FMG Surgeons in USA 12,471 
FMG House Staff (36%) 4,493 

C—FMG Distribution and Certification FMG US & CMG 

Women 15% 6% 

Urban 91% 85% 

NY State 28% 14% 

Board Certified 23% 43% 


Explanaticn of Terms 

FMG —Foreign Medical Graduates 
CMG —Canadian Medical Graduates 
USMG—United States Medical Graduates 


. Note: Certain of the above data are from Butter, I.: The migra- 
tory flow of doctors to and from the United States. Medical Care 


BC —Board Certified 
NBC—Non Board 
Certified 
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Again, quoting Dr. Butter, it is estimated that 2000 
foreign medical graduates come to this country each 
year in the surgical profession. Approximately 1500 of 
these remain here as surgeons. Of this number, approxi- 
mately 400 become Board certified each year. We do not 
know how many of the 2000 who come here are actually 
United States citizens who have acquired their medical 
degrees abroad. Evidently there are 1100 foreign medical 
graduates who, each year, swell the ranks of those per- 
forming operations, without becoming Board-certified. 

One of the factors increasing the numbers of foreign 
medical graduates entering surgical practice in this coun- 
try is the insatiable hunger of hospitals for Residents and 
House Staff. This shows no sign of changing at present 
though it may in the future. We all know some of the 
factors that increase this hunger: hands to do the work 
and ears to listen to the Staff. Factors that may decrease 
the appetite for additional Residents include such things 
as hospital finances (the increase in Resident pay), the 
abolition of Internships, the increase in graduates of 
American medical schools, and the few abortive at- 
tempts by countries that send these men to the USA 
(and Canada) to stop this "brain drain" of their own 
graduates, Certain countries in Southeast Asia, Central 
Europe, and South America are losing a shocking num- 
ber of their own medical graduates to this country when 
they need them badly at home. 

In Table 5 are also shown some additional data on 
foreign medical graduates. The women's medical force 
is being fortified more rapidly by foreign medical gradu- 
ates than by graduates of the United States schools. 
Foreign medical graduates tend to cluster in big cities 
and thus they do not help our urban-versus-rural mal- 
distribution problem. The greatest concentration of 
foreign medical graduates is in New York state. In that 
state the fraction of foreign medical graduates who are 
Board-certified is far less than for United States medical 
graduates. 

I cannot resist pointing out that efforts to stop the 
"brain drain" go back many years. In Bologna in the 
fifteenth century they set the "penalty of death against 
any person who entered into a conspiracy for trans- 
ferring" a student to another city, or for "transferring 
any citizen doctor" over the age of 50 who, without per- 
mission of the city magistrate, left Bologna for the pur- 
pose of lecturing elsewhere. They were not so worried 
about losing young people—and therefore a professor 
under 50 who left without permission was submitted to 
a penalty of only 200 ducats! 

Overall, of the approximately 46,469 Board certified 
surgeons in all specialties, approximately 2800 are foreign 
medical graduates at present. This is 6%. Projecting this 
to the year 2000 (using as a basis some projections from’ 


the American Board of Surgery) we would predict thdiss 
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by the year 2000, 19.3% of all Board-certified surgeor 
would be foreign medical graduates. This is but a gues: 
By the passage of new laws it could become a lowe 
figure very rapidly. If present upward trends continu 
unchecked, it could become twice that fraction. D: 
Sabiston has some more data on this topic. 

(Dr. Sabiston) The percentage of foreign medic: 
graduates taking the various Boards in 1971 for the fir: 
time is shown in Table 6. There is a distinct variabilit 
among the respective Boards. Many of these applicant 
are of marginal educational background. Of graduates « 
U. S. and Canadian schools taking Part I, the writte 
examination of the American Board of Surgery, th 
failure rate was 13.8 per cent. Of the 427 foreign medic: 
graduates taking this part, 228 or 53.4 per cent failed. I 
Part II, the oral examination of the American Board c 
Surgery, a similar experience occurred. Of 612 graduate 
examined from the United States and Canadian schoo! 
108 or 12.6 per cent failed. Of the foreign medical gradx 
ates 96 of 253 failed (32.7 per cent). 

(Dr. Moore) Now we come to death and destructio 
—better known as death and retirement rates. All goo 
things must come to an end, even a surgical career. W 
must know the age at which surgeons leave practice i 
order to know how many will still be active at any give 
time in the future. For this important demographic prc 
jection we turn to Dr. Osler L. Peterson, Professor < 
Preventive Medicine at the Harvard Medical Schoo 
Dr. Peterson is currently working closely with the Mar 
power Subcommittees of SOSSUS. Dr. Peterson, can yo 
tell us when and how fast surgeons drop off the whee 
of destiny? 


Death and Retirement Rates 


(Dr. Peterson) I believe that my subject is what stt 
dents of divinity call "eschatology." This deals with "en 
things" which are my subject: Retirement is usually 
penultimate event though, from the point of view c 
surgery, it fits appropriately among the collective "en 
things." 

I would like to remind you that about 20 years ago th 
American Medical Association was engaged in a debat 
with the government as to whether or not physician 


TABLE 6. Percentage of Foreign Graduates in Various Training 
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1971 

Neurosurgery 796 
Obstetrics-Gynecology 19% 
AETA Otolaryngology 12% 
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should be included under Social Security legislation. The 
AMA argued that they should not be included because 
doctors normally did not retirel 

I believe that historic postion of the AMA was based 
upon the pre-war experience, a time when doctors’ in- 
comes were quite low and rather few of them did retire 
because they had to keep on earning to the very end. At 
that time, physicians actually had lower average incomes 
than dentists! 

That situation has now reversed itself completely. 
Doctors have large incomes and they do, indeed, retire, 
and this is an important aspect of this eschatological 
estimate. 

A pertinent study was one done by Dr. Ciocco in 1942 
at the time when we were mobilizing for war? At 
that time Dr. Ciocco pointed out that among general 
practitioners those over 45 years of age could be counted 
as only two-thirds of a doctor because of the case loads 
they were able to carry. He limited his study to general 
practitioners because they were the predominant type 
of doctor available—another situation which has changed 
drastically in 30 years. 

Some data are available for retirement data on certain 
specialists. It appears that specialists do not show a de- 
clining output with age to the extent that general prac- 
titioners do. Possibly the specialist leads a more highly 
organized life and can maintain the pace into an older 
age. 

CUN aspect of advancing age of doctors is the 
change from one type of career to another. Several years 
ago when Dr. Ivan Fahs and I did some studies for the 
Regents of the University of Minnesota we found that, in 
addition to a large turnover of physicians from decade 
to decade, there were also shifts within the profession. 
The most common and most characteristic was in the 
hard-working family practice fields (such as general 
practice, general internal medicine, or pediatrics). Many 
private practitioners, at about age 55, changed into some 
sort of institutional administrative work such as the 
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Fic. 11. Surgeons leaving practice; death or retirement curves. 
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Veterans Administration, or transferred to a specialty 
such as radiology. One colleague referred to this as a 
change from a working specialty to a sit-down specialty. 

Unfortunately we do not have.a great deal of data 


‘on death and retirement rates for surgeons. 


In Figure 11 are shown two curves for death and re- 
tirement rates. That by Dr. Garfinkle has been based 
on educated workers in a variety of professions? The ` 
curve marked "Surgical" is one that Dr. Moore drew up 
on the assumption that surgeons are somewhat healthier. 
Death rates in both curves are very low in the 30-39 
age group, begin to increase in middle age and con- 
tinue to increase rapidly thereafter. The differences be- 
tween the two curves are not great, yet when such dif- 
ferences are extrapolated to populations of doctors or 
surgeons or anesthesiologists, small rate differences are 
well magnified. 

Recently we carried out a simple age tabulation ar 
Rhode Island doctors from the 1969 AMA Directory. We 
found that doctors began to enter practice after age 30 
and that the numbers increased until about age 40, fol- 
lowed by a period of stability until about age 60 when 
the effects of death and retirements apparently become 
sufficient to produce a definite drop in the number in 
practice. Surgeons were a bit different since there was no 
decline in numbers until after age 65. Between the ages of 
65 and 67 there was a rather sudden sharp decline in the 
number of surgeons in practice, presumably reflecting re- 
tirement. There were few practicing surgeons over 80 
though one doctor of 90 plus years described himself as 
an active surgical practitioner. The trend among other 
specialists was rather different with the decline begin-.. 
ning earlier and showing a less sharp change in the late 
60's, 

For the computer program on which the opolo 
projections of this panel are based, we employed the 
death and retirement rates shown as "Surgical" in Table 
7 and Figure 11. 


Population Projections for the United States T 


(Dr. Moore) Our exercise is not only to predict the 
number of surgeons who will be around in the coming 
decades, but also the number of people they will be 
serving, For this we must go to data from the Oen 
of the Census as shown in Table 8. 

The Bureau of the Census expresses population boi 
in terms of the number of children born each year per ` 
woman in the population. As will be noted, the recent: 
data, published in the summer of 1971, show that the’ 
birth rate in the United States is a little lower than was 
formerly estimated, somewhere between 2.11 and 2.45 : 
children per woman. The higher figure is called: Pro- s 
jection D and the lower figure Projection E. Although no — 
one wishes to make guesses for the future, it appears - 
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TABLE 7. Surgical Manpower Evaluation American Surgical 
Association —A merican College of Surgeons—1972 





Pus Death and Retirement Rates for Surgeons by Age 








Garfinkle's* Surgical** 

Age Estimates Estimates 
30-34 .02 .02 
35-39 .03 .03 
40-44 .04 .04 
45-49 .07 .05 
50-54 .12 .06 
55-59 .20 .15 
60-64 52 53 
65-69 '.46 .93 
70-74 1.00 1.00 





* Stuart H. Garfinkle, “The Length of Working Life for Males 
1950-60". Charles B. Nam (ed), Population and Society, Houghton 
Mifflin Co., Boston, 1968, p. 634. 

** Based on higher retirement rate for surgeons estimated in age 
group 65-69. 


that with each coming decade we will probably approach 
somewhat closer to Projection E (2.11 children per 
woman)*. The difference between the two projections, 
by the year 2000 is the difference between a 41% popula- 
tion growth and a 33% population growth. These numbers 
constitute the denominator in our surgical ratios where 
the number of surgeons are the numerator. The ratio 
will obviously be higher when we use Projection E, than 
for the lower population. 


Surgeon: Population Ratios to 2000 


(Dr. Zeppa) First I would like to review for you again 
how these population ratio predictions were made by 
Dr. Heer and Mrs. Murthy. In Figure 12 is shown a 
"surgical manpower flow sheet." We can see how we have 
tried to estimate the figures for each box and the curves 
that go in the box. The curves as drawn in that Figure 
are only approximate sketches. The computer program 
takes these curves and the mathematical expressions de- 





* An interim cerisus report released to the Press june 3, 1972 
reports a first-quarter rate of 2.145 in 1972 as compared with 2.248 
in 1971. 
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fining these curves and by a repetitive process of cal- 
culation gives us the number of surgeons for each year 
of the coming 30 years. 

Using the Surgical curve for death and retirement, and 
applying it to the constant input data (2759 per year) 
on the basis of Population Prediction Series D we find 
that we start with 22.7 surgeons per 100,000 population 
and that this would increase to 26.7 by the year 2000. 
This is an increase of just over 20%. Using Population 
Projection E, the ratio of surgeons would rise from the 
present 22.7 per 100,000 population to 28.4, a rise of 
almost 30% ( Table 9). 

In Figure 13 are shown these curves describing the 
population by the two projections and the growth of the 
surgical population on that population base.. All the data 
shown so far and those numbers I have described. are 
based on constant input of surgeons at 2759 certified. by 
the Boards per year. t is thus evident that if we continue 
to produce surgeons at our current rate we will by 2000 
A.D. have provided this country with a significantly 
larger number of surgéons per population than we now 
have. Each surgeon must ask himself personally whether 
or not he thinks this is appropriate for his field, his 
specialty, or his region. Taking all surgeons together 
and considering the country as a whole, where there are 
four Board-certified surgeons standing now side-by-side 
to provide service to a certain number of people, there 
would be five in the year 2000. 

It is quite evident that these curves are all changing 
and the rates of growth are changing with time. Various 
regions are growing at different rates. We note that 
the population projection for Series D shows a curve 
that is not rising very fast at the time the year 2000 
rolls around. We have therefore asked our program to 
project this to the year 2020. We then note as shown in: 
Figure 14 that if the number of surgeons being produced 
remained the same and the population continued to grow 
at the Series D rate there woüld be a reduction again 
of the number of surgeons per population. The same 
“peaking out” with constant input would be observed 
with Series E data but at a higher absolute level. 


TABLE 8. Surgical Manpower Evaluation American Surgical Association —A merican College of Surgeons—1972 


Predicted Population of the United States 


(Bureau of the Census) 
Series B—3.1 Children per Woman 
Series C—2.75 Children per Woman 


Series D--2.45 Children per Woman 


(1971 Reports) 


Series E—2.11 Children per Woman 
(Plus Fixed Immigration 400,000 Per Year) 





Thirty Year Projections (X 1000) 











30 Year 

.4970 1975 1980 1985 1990 1995 2000 Growth 
D—204,800 216,561 230,855 246,265 260,762 274,229 288,293 41% 
E—204 ,800 215,703 227,765 240,153 251,431 261,405 271,082 33% 
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Fic. 12. A Surgical manpower flow sheet. 


One of the good things about a computer program is 
that you can ask it to do lots of things that you would 
hesitate to ask of a friend—like doing the whole thing 
over again with different numbers! 

In Figure 15 (upper line) we have asked the com- 
puter to tell us what would happen to the surgeon-to- 
population ratio if the Boards were to increase their 
diplomates at the rate of 10% per year. We should 
emphasize that this is not purely imaginary | because, 
as shown by Dr. Sabiston, some of the Boards are cur- 
rently increasing at 10% per year. You will riow notice 
that we truly would inundate the country with surgeons 
and that at this rate of increase by the year 2000 there 
would be an excess of surgeons in this country by any 


standard whatsoever, with a ratio rising to almost 165* 


per 100,000. 

Furthermore, we can ask the computer to. take the 
program in backwards and ask it how many surgeons 
should be produced to maintain a constant; ratio of 


—— — — — — — 
* This figure is about the same as that for total physicians in the 
USA at present (163 per 100,000). 
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Fic. 13. Projections for ratio of surgeons to population—1970-2000 


—(Board-certified only)—using constant input at 1967-1971 
average. 





1975 


1980 1985 1990 1995 2000 


surgeons to population at the 1970 level. We must em- 
phasize again, as Dr. Moore did at the outset; that this: 
is purely for demonstration purposes, We are not stating. 
or implying that the number of surgeons currently active 
is correct or ideall We are merely demonstrating that 
with this type of program we can get an answer to the 
question: "How many surgeons should we produce to 
maintain the present ratio constant"? As shown in the 
bottom line, it is evident that for 1975 we should produce ` 
about 76% of those that we do now, for 1980 a few less, 
‘but then as population rises we would again, in 1995, 
increase up to the figure of about 94% of the 1970 input. 
Clearly, we must maintain fluidity and flexibility in our 
systems to regulate the size of the residency programs 
within this country. 


Closing Remarks 


_ (Dr. Moore) In summary, we have accomplished here; 
in collaboration with an expert group of demographers . 


TABLE 9. Projection of Number of Board Certified Surgeons in the United States—for Years 1975-2000— Constant Input Rate Using Surgical 
Estimates of Death-Retirement Rates 








Age 1970 1975 1980 
<29 3 3 3 
30-34 1,933 2,249 . 2,249 
35-39 8,178 11,260 11,570 
40-44 8,479 10,112 13,102 
45-49 8,045 8,140 i 9,707 
50-54 6, 789 7,648 | 7,783 
55-59 5,525 6,382 ! 7,84 
60-64 3,860 4,696 ; 5,424 
65-69 2,525 1,814 1 2,207 
>70 1,132 177 | 127 
Total Number of Surgeons i —J 
46,460. 52,476 | 859,306 
Population According to Sériés D ( Millions) | 
204.800 216.560 ; 230.860 
Number of Surgeons per 100,000 Population D ' 
22.69 24.23 25.69 
Population According to Series E (Millions) 
204.800. 215.700 227.770 
: Number of Surgeons per 100,000 Population E 
22.69 24.33 26.04 








1985 1990 1995 2000 
3 3 3 KE 

2,249 . 2,249 2,249 2,249 
11,570 11,570 11,570 11,570 
13,402 13,402 13,402 13,402 
12,577 12,866 12,866 12,866 
9,222 11,949 12,223 12,223 
7,269 8,669 11,232 11,489 
6,107 6,179 7,368 9,547 
2,549 2,870 2,904 3,463 
155 178 201 203 
65,103 69,935 74,018 71,015 
246.270 260.760 274.230 288.290 
26.44 26.82 26.99 26.71 
240.150 251.430 261.410 271.080 
27.1 28.32 . 28.41 
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` and programmers, a complicated bit of arithmetic, It 


starts with the numbers and ages of the surgeons we now 


` have, predicts when they will die off or retire, accepts 


Ce 


new people into the program at the rates we are now 
experiencing, and then relates these numbers to the 
population for each five-year period up through the year 
2000 and a bit beyond. 

We have not put foreign medical graduates into the 
computer ‘system because of the variability emphasized 
both by Dr. Warren and Dr. Sabiston. The number is 
large, growing, and uncontrolled. 

We have not examined here the rate of production of 
non-Board-certified surgeons in this country. In round 
numbers there are 23,500 persons doing surgery on a 
full time basis who are not Board-certified, although 
some of these may be fully trained and undergoing the 
examination process for Board certification. In addition 
there are about 9000 General Practitioners and Family 
Practitioners performing operations as a secondary inter- 
est. Many of these are Board-certified in Family Practice 
or General Practice, but not in Surgery. To these should 
be added approximately 1000 Osteopathic Physicians who 


, practice surgery either full time or part time. This makes 


-a total of about 70,000 people practicing surgery full 


time (46,500 Board-certified plus 23,500 non-Board- 


_certified) to whom should be added the 10,000 practic- 


ing surgery on a part time basis (including Osteopathic 
Physicians) for a further total of approximately 80,000.* 

The figure of 70,000 for full time practicing surgeons 
both Board-certified and non-Board-certified is to be 
compared with the figure of 73,571 in Table 6 from 
Butter! and with those in Mason’s report* showing 
71,402 "self-designated" surgeons. In Mason's article 
50,605 are listed as Board-certified. 

Mr. Mason points out in a footnote to Table 7 that the 
latter figure must be revised downwards to correct for 
double-boarded men, thus bringing the number some- 
what closer to our figure of 46,469 Board-certified sur- 
geons. 

The above reconciliation of available manpower data 
shows surprisingly good agreement from different sources 
with only a few percentage points of difference. The 
principal reason for mentioning these figures for the total 
number of persons practicing surgery is that continued 
uncontrolled expansion of the non-Board-certified cate- 
gories will overcrowd the country with persons perform- 
ing surgical operations to an extent even greater than 
shown herein for Board-certified surgeons only. 

On the basis of this program we can say that with con- 


* To these must be added the 12,000 persons in surgical intern- 
ship and residency training (tbe majority of whom will later 


. become Board-certified) for a final grand total of approximately 


92,000 doctors providing surgical care to the people in the United 
States in 1971. 
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YEAR 1970 1975 1980 1985 1990 1995 2000 2005 2010 2015 2020 
Fic. 14. Surgeon-population ratio predictions to year 2020 usin 
constant input rate. 
stant input via the Boards we will gradually increas 
the ratio of Board-certified surgeons to population unti 
the year 2000, after which it will fall off slightly. We ca: 
also state that any Board that is increasing at 10% pe 
year will truly expand the number of men in that spe 
cialty relative to the population base at an alarming rat 
because the population is growing at the rate of abou 
1$ per year. This will render the conditions of work i: 
that specialty far different than they are at present, an 
would more than double the ratio by 2000. Any America: 
Board that is increasing its number of certificates t 
diplomates at a significant rate of increase, must at thi 


time, and without any delay, ask itself and its support 


ing associations, whether or not a large increase in th 
ratio to population is justified. 

Finally, I would like to show a last chart that is ver 
detailed, shown here as Table 10. One of our co-author: 
Mrs. Boyden, has worked out all the basic arithmetic fc 
these tabulations for each Board. She has drawn up thi 
table based on current data from the AMA tapes, recer 
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CONSTANT INPUT OF BOARD CERTIFICATION 


"5 1970 INPUT 75.8% 
204 


733% BEA . 
INPUT REQUIRED TO MAINTAIN CONSTANT RATIO (SURG./ POR) 


86.1% 887*4, 942% 


YEAR 1970 1975 1980 1985 1990 1995 2000 
Fic. 15. Surgeon-population ratio predictions to year 2000 to cor 
trast "constant input" with "constant ratio requirement" and "10 
per year increase. 
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TABLE 10. Projection of Board-Certified Specialists —Constont Input Assumption Based on 1967-71 "Surgical" Retirement/Death Estimates 
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Board 1970 1975 ' 1980 
CRS 322 305 i 335 
D (0.16) (0.14) | (0.15) 
E (0.14) (0.15) 
NS 1353 1586 1811 
D (0.66) (0.73) (0.78) 
E. (0.74) : (0,80) 
OBG 9786 11632 | 13589 
D — (4.78) (5.37) (5.89) 
E (5.39) _ (8.97) 
OPH 5853 6293 ' 7042 
D (2.86) (2.91) | (3.05) 
E (2.92) ' (3.09) 
ORTH 6011 7455 8894 
D . (2.94) (3.44) (3.85) 
E (3.46) (3.90) 
OTO 3674 3456 3849 
D (1.79) (1.60) | (1.67) 
E (1.60) | (1.69) 
PLAS 828 1071 |— 1322 
D (0.40) (0.49) (0.57) 
E (0.50) (0.58) 
SURG 13175 14441 15399 
D (6.43) (6.67) (6.67) 
E (6.69) (6.76) 
THOR 2178 2716 3198 
D (1.06) (1.25) - (1.39) 
E (1.26) | (1.40) 
UROL 3289 3521 |! — 3867 
D (1.61) (1.63) (1.68) 
E (1.63) (1.70) 
Total 46469 52476 59306 
D (22.69) (24.23) (25.69) 
E (24.33) (26.04) 








1985 1990 1995 2000 
377 424 473 516 
(0.15) (0.16) (0.17) (0.18) 
(0.16) (0.17) (0.18) (0.19) 
1987 2119 2230 2324 
(0.81) (0.81) (0.81) (0.81) 
(0.83) (0.84) (0.85) (0.86) 
15270 16647 17802 18749 
(6.20) (6.38) (6.49) (6.50) 
(6.36: (6.62) (6.81) (6.92) 
7814 8550 9145 9502 
(3.17) (3.28) (3.33) (8.30) 
(3.253 (3.40) (3.50) (3.51) 
10158 11261 12126 12668 
(4.12) (4.32) (4.42) (4.39) 
(4.23) (4.48) (4.64) (4.67) 
4339 4874 5381 5733 
(1.76) (1.87) (1.96) (1.99) 
(1.81) (1.94) (2.06) (2.11) 
1539 1720 1872 2002 
(0.62) (0.66) (0.68) (0.69) 
(0.64) (0.68) (0.72) (0.74) 
15898 16131 16373 16572 
(6.46) (6.19) (5.97) (5.75) 
(6.62) (6.42) (6.26) (6.11) 
3566 3819 4012 4171 
(1.48) (1.46) (1.46) (1.45) 
(1.48) (1.52) (1.53) (1.54) 
4155 4390 4604 4778 
(1.69) (1.68) (1.68) (1.66) 
(1.73) (1.75) (1.76) (1.76) 
65103 69935 74018 77015 
(26.44) (26.82) (26.99) (26.71) 
(27.11) (27.81) (28.32) (28.41) 





Specialists per 100,000 Population lul Series D and. Series E. 
Explanation of Terms, See Table 1 


certification data from the Boards, and based on the 
assumption of a constant input that is the average based 
on the years 1967-71. This makes possible a detailed pro- 
jection of population ratios for each of the 10 major sur- 
gical specialties to the year 2000. It is noteworthy that 
Neurosurgery, Plastic Surgery, Obstetrics and Gynecol- 
ogy, Orthopedic Surgery, and Otolaryngology, are all ris- 
ing in their population ratios. Plastic Surgery shows the 
most marked rise. Something has to “give,” and it is 
General Surgery, which by these projections would show 
fewer General Surgeons per population in 2000 than at 
present. 

Well, that is how it might be done. I think we would 
all join together in saying that such projections should 
be carried out, and must be the guidelines for our resi- 
dency programs and Board certification in the future. 
We can also hope that hospital regulations for staff 
credentialling will gradually reduce to a very low fig- 
ure the inflow of persons doing operations but without the 
credential of Board certification. 

We can close our Panel by thanking all of our panelists 
for their contributions, and especially our ‘collaborators 


who could not be here today, including Dr. Heer, Mrs. 
Murthy, and Mrs. Boyden, and to Mr. Gottlieb and Mr. 
Haug of the AMA who supplied the physician data. All of 
these have made great contributions to our knowledge. 
We can end with the final profound hope that some 
voluntary agency in this country will undertake a con- 
tinuous program of this type so as to give basic guidance 
to the training programs, the Boards, the Conference 
Committees, the Liaison Committees, and the Residency 
Review Committees, so that we may have a unified pro- 
gram that will provide broad guidelines for the number 
of surgeons that should be setting up practice in the 
United States each year. 
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Of first 
resort... 


In suspected or documented gram-negative sepsis, 
GARAMYCIN Injectable may be considered as initial 
therapy. 

e Effectiveness against 

the nosocomial problem pathogens of the 1970's 

e Proven clinical effectiveness 


— 





e Risk of toxic reactions is low in patients with 
normal renal function who do not receive 
GARAMYCIN Injectable at higher doses or for 
longer periods of time than recommended 


* Effective against pathogens resistant to many 
commonly used antibiotics 


e. Versatility and convenience of administration 


Garemycin 
. gentamicin fı le 


njectab 
sulfate IMJIV] - 
injection Ne 


See Clinical Considerations section which follows... 





The antibiotic to start with... 


*[n suspected or documented gram-negative sepsis due to susceptible < 
organisms, GARAMYCIN Injectable may be considered as initial therapy. The 
decision to continue therapy with this drug should be based on the results of 
susceptibility tests, the severity of the infection, and the important concepts 
contained in the Warning Box below. 


An indispensable Proven 

spectrum for today " clinical efficacy 

GarAMYCIN Injectable offers a high GarAMYCIN Injectable may be lifesaving 
probability of effectiveness against virtually in septicemia... may give a dramatic 

all of the gram-negative pathogens which response in wounds and burns complicated 

are a growing cause of clinical concern. by sepsis. GARAMYCIN Injectable has also : 
GARAMYCIN Injectable has also demonstrated demonstrated outstanding results in serious 

striking activity against Proteus species, gram-negative infections other than sepsis, 

both indole-positive and indole-negative.? such as serious respiratory infections and 


selected urinary tract infections. To date, 
GARAMYcCIN Injectable has been the subject 
of more than 1,500 published papers and 

12 international symposia. 





Note: 'The photomicrographs 
of gram-negative organisms 
reproduced here were obtained 
by a relatively new process 
employing a scanning beam 
electron microscope. The 
pathogens represented are 
Klebsiella pneumoniae, 
Escherichia coli, and Proteus 
mirabilis. The colors 

shown here are an artist's 
representation. The 
magnification is 10,000X. 





WARNING: Patients treated with 
GARAM YCIN Injectable should be under 
close clinical observation because of the 
potential toxicity associated with the 
use of this drug. 

Ototoxicity, both vestibular and 
auditory, can occur in patients, primarily 
those with pre-existing renal damage, 
treated with GARAMYCIN Injectable, 
usually for longer periods or with higher 
doses than recommended. 

GARAMYCIN Injectable is potentially 





. The antibiotic to stay with 





« nephrotoxic, and this should be kept in 
mind when it is used in patients with 
pre-existing renal impairment. 

Monitoring of renal and eighth nerve 
function is recommended during therapy 
of patients with known impairment of 
renal function. This testing is also 
recommended in patients with normal 
renal function at onset of therapy who 
develop evidence of nitrogen retention 
(increasing BUN, NPN, creatinine or 
oliguria). Evidence of ototoxicity requires 


A high degree of 
sensitivity maintained"" 


Bacterial resistance to GARAMYCIN 
Injectable has not been a problem to date. 
In the laboratory, resistance has been 
demonstrated to develop slowly in 
stepwise fashion. No one-step mutations to 
high resistance have been reported. One 
investigator noted: "In the experience so 
far with [gentamicin], which is 7 or 8 
years, in centers where it's been restricted 
to parenteral use, resistance has not 
appreciably changed.”’'* Another authority 
... found very little emergence of 
resistance" during eight years of use.!° 
In a survey of published studies on 
resistance to gentamicin, Weinstein and 
co-workers? report little change in 
bacterial sensitivity since 1963 in the 
percentage of sensitive strains. In vitro 
sensitivity was determined in all cases by 

i the tube- 
dilution 
method. 


‘ 


the drug. 


be avoided. 


In event of overdose or toxic reactions, 
peritoneal dialysis or hemodialysis will aid 
in removal of gentamicin from the blood. 

Serum concentrations should be 
monitored when feasible and prolonged 
concentrations above 12 mcg./ml. should 


Concurrent use of other neurotoxic 
and/or nephrotoxic drugs, particularly 
streptomycin, neomycin, kanamycin, 





Relatively low incidence 
of adverse reactions” 


As with certain other aminoglycoside 
antibiotics, ototoxicity (primarily 
vestibular with gentamicin) and potential 
nephrotoxicity are risks of therapy. 
Adverse effects on both vestibular and 
auditory branches of the eighth nerve have 
been reported in patients on high dosage 
and/or prolonged therapy. 

In contrast to kanamycin, neomycin, and 
streptomycin, which primarily cause 
deafness or difficulties in the auditory end 
organs of the eighth nerve, gentamicin 
primarily causes labyrinthian dysfunction. 
This dysfunction, manifested by dizziness 
(not deafness) has, in most cases, been 
transitory. 

As to nephrotoxicity, according to 
Finland,’ “as in the case of kanamycin, the 
nephrotoxicity was found to be largely 
‘potential,’ and very little if any has been 
encountered except with obviously 
excessive doses or in patients with already 
damaged kidneys." 
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Each cc. contains gentamicin sulfate 
equivalent to 40 mg. gentamicin 


cephaloridine, viomycin, polymyxin B, 
and polymyxin E (colistin), should be 
avoided. 

The concurrent use of gentamicin 
with potent diuretics should be avoided, 
since certain diuretics by themselves may 
cause ototoxicity. In addition, when 
administered intravenously, diuretics may 
cause a rise in gentamicin serum level 
and potentiate neurotoxicity. 

Usage in Pregnancy: Safety for use in 
pregnancy has not been established. 


See Clinical Considerations section which follows... 





When preculture signs point to 
gram-negative sepsis... 


Garamycin? Injectable 

brand of gentamicin sulfate U.S.P., injection 40 mg./cc. 

Each cc. contains gentamicin sulfate equivalent to 40 mg. gentamicin 
For Parenteral Administration 


WARNING: Patients treated with GARAMYCIN Injectable should be 
under close clinical observation because of the potential toxicity 
associated with the use of this drug. 

Ototoxicity, both vestibular and auditory, can occur in patients, 
primarily those with pre-existing renal damage, treated with GARA- 
MYCIN Injectable, usually for longer periods or with higher doses 
than recommended. 

GARAMYCIN Injectable is potentially nephrotoxic, and this should 
be kept in mind when it is used in patients with pre-existing renal 
impairment. 

Monitoring of renal and eighth nerve function is recommended 
during therapy of patients with known impairment of renal function. 
This testing is also recommended in patients with normal renal func- 
tion at onset of therapy who develop evidence of nitrogen retention 
(increasing BUN, NPN, creatinine or oliguria). Evidence of ototoxicity 
requires dosage adjustments or discontinuance of the drug. 

In event of overdose or toxic reactions, peritoneal dialysis or 
hemodialysis will aid in removal of gentamicin from the blood. 

Serum concentrations should be monitored when feasible and pro- 
longed concentrations above 12 mcg./ml. should be avoided. 

Concurrent use of other neurotoxic and/or nephrotoxic drugs, par- 
ticularly streptomycin, neomycin, kanamycin, cephaloridine, viomycin, 
polymyxin B, and polymyxin E (colistin), should be avoided. 

The concurrent use of gentamicin with potent diuretics should be 
avoided, since certain diuretics by themselves may cause toxicity. In 
addition, when administered intravenously, diuretics may cause a rise 
in gentamicin serum level and potentiate neurotoxicity. 

USAGE IN PREGNANCY Safety for use in pregnancy has not been 
established. 


INDICATIONS GARAMYCIN Injectable is indicated, with due regard for 
relative toxicity of antibiotics, in the treatment of serious infections 
caused by susceptible strains of the following microorganisms: 

Pseudomonas aeruginosa, Proteus ee (indole-positive and indole- 
negative), Escherichia coli and Klebsiella-Enterobacter-Serratia species. 

Clinical studies have shown GARAMYCIN Injectable to be effective in 
septicemia and serious infections of the central nervous system (menin- 
gitis), urinary tract, respiratory tract, gastrointestinal tract, skin and soft 
tissue (including burns). 

Bacteriologic tests to determine the causative organisms and their sus- 
ceptibility to gentamicin should be performed. 

Bacterial resistance to gentamicin develops slowly in stepwise fashion; 
there have been no one-step mutations to high resistance. 

In suspected or documented gram-negative sepsis, GARAMYCIN may be 
considered as initial therapy. The decision to continue therapy with this 
drug should be based on the results of susceptibility tests, the severity of 
the infection, and the important additional concepts contained in the 
“Warning Box.” In the neonate with suspected sepsis or staphylococ- 
cal pneumonia, a penicillin type drug is usually indicated as concomitant 
antimicrobial therapy. 

GARAMYCIN Injectable has been shown to be effective in serious staph- 
ylococcal infections. It may be considered in those infections when peni- 
cillins or other less potentially toxic drugs are contraindicated and 
bacterial susceptibility testing and clinical judgment indicate its use. 
CONTRAINDICATIONS A history of hypersensitivity to gentamicin is a 
contraindication to its use. 

WARNINGS (See “Warning Box.") 

PRECAUTIONS Neuromuscular blockade and respiratory paralysis have 
been reported in the cat receiving high doses (40 mg./kg.) of gentamicin. 
The possibility of these phenomena occurring in man should be considered 
if gentamicin is administered to patients receiving neuromuscular block- 
ing agents such as succinylcholine and tubocurarine. 

Treatment with gentamicin may result in overgrowth of nonsusceptible 
organisms. If this occurs, appropriate therapy is indicated. 

ADVERSE REACTIONS 

Nephrotoxicity: Adverse renal effects, as demonstrated by rising BUN, 
NPN, serum creatinine and oliguria, have been reported. They occur more 
frequently in patients with a history of renal impairment treated with 
larger than recommended dosage. 

eurotoxicity: Adverse effects on both vestibular and auditory branches 
of the eighth nerve have been reported in patients on high dosage and/or 
prolonged therapy. Symptoms include dizziness, vertigo, tinnitus, roaring 
in the ears and hearing loss. 

Numbness, skin tingling, muscle twitching, and convulsions have also 
been reported. 

Note: The risk of toxic reactions is low in patients with normal renal 
function who do not receive GARAMYCIN Injectable at higher doses or for 
longer periods of time than recommended. 

Other reported adverse reactions, possibly related to gentamicin, include 
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increased serum transaminase (SGOT, SGPT), 
increased serum bilirubin, transient hepatomegaly, 
decreased serum calcium; splenomegaly, anemia, 
increased and decreased reticulocyte counts, granulocytopenia, thrombo- 
cytopenia, purpura; fever, rash, itching, urticaria, eneralized burning, 
joint pain, laryngeal edema; nausea, vomiting, headache, increased saliva- 
tion, lethargy and decreased appetite, weight loss, pulmonary fibrosis, 
hypotension and hypertension. 
DOSAGE AND ADMINISTRATION GARAMYCIN Injectable may be given intra- 
muscularly or intravenously. 
For Intramuscular Administration: 

PATIENTS WITH NORMAL RENAL FUNCTION* 

Adults: The recommended dosage for GARAMYCIN Injectable for patients 
with serious infections and normal renal function is 3 mg./kg./ day, admin- 
istered in three equal doses every 8 hours. 

For patients weighing over 60 kg. (132 Ib), the usual dosage is 80 mg. 
(2 cc.) three times daily. For patients weighing 60 kg. (132 Ib.) or less, the 
usual dose is 60 mg. (1.5 cc.) three times daily. 

In patients with life-threatening infections, dosages up to 5 mg. /kg./ day 
may be administered in three or four equal doses. This dosage should be 
reduced to 3 mg./kg./day as soon as clinically indicated. 

*|n children and infants, the newborn, and patients with impaired renal 
function, dosage must be adjusted in accordance with instructions set 
forth in the Package Insert. 

For Intravenous Administration: 

The intravenous administration of GARAMYCIN Injectable is recom- 
mended in those circumstances when the intramuscular route is not feasi- 
ble (e.g., patients in shock, with hematologic disorders, with severe burns, 
or with reduced muscle mass). 

For intravenous administration, in adults, a single dose of GARAMYCIN 
Injectable may be diluted in 100 or 200 cc. of sterile normal saline or in 
a sterile solution of dextrose 5% in water; in infants and children, the 
volume of diluent should be less. The concentration of gentamicin in solu- 
tion, in both instances should normally not exceed 1 mg./cc. (0.1%). The 
solution is infused over a period of 1 to 2 hours. 

The recommended dose for intravenous administration is identical to 
that recommended for intramuscular use. 

GARAMYCIN Injectable should not be physically pre-mixed with other 
drugs, but should be administered separately in accordance with the rec- 
ommended route of administration and dosage schedule. 

HOW SUPPLIED GARAMYCIN Injectable, 40 mg. per cc., 2 cc. multiple- 
dose vials for parenteral administration. 

Also available, GARAMYCIN Pediatric Injectable, 10 mg. per cc., 2 cc. 
multiple-dose vials for parenteral administration. APRIL, 1972 

AHFS Category 8:12.28 
For more complete prescribing details, consult Package Insert or Physi- 
cians’ Desk Reference. Schering literature is also available from your 
Schering Representative or Professional Services Department, Schering 
Corporation, Kenilworth, New Jersey 07033. 
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from wet cloth © 


‘drapes Twenty years ago Beck ani 
Collette reported that when cloth drapes 

or gowns become wet, there is danger of 
contamination. Today, leaders in aseptic 
OR. techniques agree that wet cloth can 
spread contamination to the wound site. 

In 1969, Dineen reported that 
wet — drapes allow bacteria to pass. 
through the drape onto the sterile field. 
When a water-repellent material was used | 


(BARRIER' Drapes), this did not occur. 


Results of Recent Reports on Bacterial Penetrations. 7 


HIGH PENETRATION WITH WET CLOTH DRAPES— 
NO PENETRATION WITH BARRIER* SINGLE-USE DRAPES 
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| More —— than cloth drapes ‘‘...in 
SES iad 0 Ema ViGing protection against: bacterial. 
contamination.’7 & 
Average of 5 tests per subject—11 subjects—55 results for each fabric. 
(This is an actual photo of the back of a wet cloth drape. Previous page shows front of 
same wet drape.) 
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BARRIER Pack and Gown Fabrics : 


i Prevent bacterial Hugsiron.. 
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- in critical areas of drapes 
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Stone organisms redone d 

by 90% — When compared r 
-. tocloth, a 90% reduction of airborne | 
organisms was achieved with - h 


. BARRIER Drapes and Gowns. 
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Scalpel-sharp edge and jewel-like finish provide un- 
paralleled penetrating power... superior control and 
stability for your every suturing need. 

e Leaves a taper point hole. 

* No cutting sides—won’t cut in, cut out or 


cut laterally. 
e Faster, smoother closure with superior 


cosmetic results. 


For complete data and suture listings, please write: 


DEKNATEL, INC. ® Queens Village, New York 11429 
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SERVICE 


You have considered the bacteria 
You have considered its susceptibility 
The renal status is unknown 
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and the patient's condition 
warrants LV. antibiotic therapy... 


Introducing 


y -synthetic tetracycline N 


(doxycycline re 
for injection) 


The once-a-day intravenous 
antibiotic well-suited 
forthefirst hours of many 
bacterial infections 
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1. 
Effective in a wide range of 
f .  Surgicalsituations . 
< fung bowel infections, periton tis 
pyelonephritis, cholecystitis, 
prostatitis, cellulitis, abscesses, 
and wounds 


WHEN CAUSED BY SUSCEPTIBLE* STRAINS OF THESE ORGANISMS 
Klebsiella pneumoniae, Enterobacter aerogenes, 


Escherichia coli, Bacteroides, Staphylococcus? 


*Because not al | strains of pathogens are susceptible , it is recommende d that routine culture an d sensitivity stu dies be per formed i 
TRespiratory and urinary infections. 
i inis i for staphylococcal infecti he € 


2. 
. Wontsignificantly elevate BUN 
|‘ patients with laboratory indicat on: 
of impaired renal function 


3. 
The therapeutic antibacterial 
serum activity will i 
* usually persist for 24 hours following 


once-a-day infusion 


See Brief Summary on following 
page for information on side effects, 
d 


osage and contraindications. 
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A semi-synthetic tetracycline 


New 
ramycin LV. 


(doxycycline hyclate 
for injection) ser a 


The once-a-day intravenous antibiotic well-suited 
for the first hours of many bacterial infections 


Vibramycin® Hyclate (doxycycline hyclate) and 

Vibramycin® Hyclate I.V. (doxycycline hyclate for injection) 

BRIEF SUMMARY 

Contraindicated: In persons hypersensitive to any of the tetracy- 
clines. 

Warnings: Use of tetracyclines during the last half of pregnancy, in- 
fancy and childhood to the age of 8 years may cause permanent 

discoloration of developing teeth. This is more common during 

long-term use of the tetracyclines but has been observed following 

repeated short-term courses. Enamel hypoplasia has also been re- 
ported. Thus, tetracyclines should not be used in this age group un- 
less other drugs are not likely to be effective or are contraindicated. 
Individuals receiving tetracycline antibiotics should be advised that 

direct sunlight or ultraviolet light can cause photosensitivity reac- 
tions. If these reactions (exaggerated sunburn) occur, discontinue 

therapy. Doxycycline forms a stable calcium complex in any bone- 
forming tissue. Fibula growth has been decreased in prematures 

given oral tetracyclines 25 mg./kg. q. 6 h., but this reaction was re- 
versible when the drug was discontinued. 

The antianabolic action of the tetracyclines may cause an in- 
crease in BUN. Studies to date indicate that this does not occur 
to a significant degree with the use of Vibramycin in patients with 
impaired renal function. 

Vibramycin Intravenous has not been studied in pregnant pa- 
tients. It should not be used in pregnant women unless, in the judg- 
ment of the physician, it is essential for the welfare of the patient. 

Animal studies indicate that tetracyclines cross the placenta, are 
found in fetal tissues and can have toxic effects on the developing 
fetus. Evidence of embryotoxicity has also been noted in animals 
treated early in pregnancy. 

The use of Vibramycin Intravenous in children under 8 years is 
not recommended because safe conditions for its use have not 
been established. 

Tetracyclines are present in the milk of lactating women who are 
taking a drug in this class. 

Precautions: Overgrowth of nonsusceptible organisms may occur, 
including fungi. If such superinfections are encountered, discon- 
tinue Vibramycin and institute appropriate therapy. 

In venereal disease when coexistent syphilis is suspected, a dark- 
field examination should be done before initiating therapy. Conduct 
monthly serological tests for at least 4 months. 

Because tetracyclines depress plasma prothrombin activity, pa- 
tients on anticoagulant therapy may require downward adjustment 
of their anticoagulant dosage. 

In long-term therapy, conduct periodic laboratory evaluation of 
organ systems, including hematopoietic, renal and hepatic. 

Treat all Group A beta-hemolytic streptococcal infections for at 
least 10 days. 

Avoid giving doxycycline with penicillin because of possible inter- 
ference with penicillin activity. 

Antacids containing aluminum, calcium, or magnesium impair 
absorption and should not be given concomitantly to patients taking 
oral Vibramycin. 

Adverse Reactions: Anorexia, nausea, vomiting, diarrhea, glossitis, 


dysphagia, enterocolitis, inflammatory lesions (with monilial over- 
growth) in the anogenital region, maculopapular and erythematous 
rashes, exfoliative dermatitis, photosensitivity, urticaria, angio- 
neurotic edema, anaphylaxis, anaphylactoid purpura, pericarditis, 
exacerbation of systemic lupus erythematosus, hemolytic anemia, 
thrombocytopenia, neutropenia and eosinophilia have been re- 
ported. Prolonged administration of tetracyclines may produce 
brown-black microscopic discoloration of thyroid glands. No ab- 
normalities of thyroid function studies are known to occur. Bulging 
fontanels have been reported in young infants on therapeutic dos- 
age but disappeared when the drug was discontinued. A dose- 
related rise in BUN has been reported. 

Oral Adult and Children's Dosages: See the Vibramycin Oral pack- 
age insert for recommended dosage schedules for adults and 
children. 

Intravenous Dosage and Administration: Note: Rapid administration 
is to be avoided. Parenteral therapy is indicated only when oral 
therapy is nct indicated. Oral therapy should be instituted as soon 
as possible. If intravenous therapy is given over prolonged periods 
of time, thrombophlebitis may result. 

The usual dosage and frequency of administration of Vibramycin 
I.V. (100-200 mg./day) differs from that of the other tetracyclines 
(1-2 Gm./day). Exceeding the recommended dosage may result in 
an increased incidence of side effects. 

Studies to date have indicated that Vibramycin, at the usual rec- 

ommended coses, does not lead to excessive accumulation of the 
antibiotic in patients with renal impairment. 
Intravenous Adult Dosage: The usual dosage of Vibramycin I.V. is 
200 mg. on the first day of treatment administered in one or two in- 
fusions. Subsequent daily dosage is 100 to 200 mg. depending on 
the severity of infection, with 200 mg. administered in one or two 
infusions. 

In the treatment of primary and secondary syphilis, the recom- 
mended dosage is 300 mg. daily for at least 10 days. 

Intravenous Children's Dosage: The recommended dosage schedule 
for children weighing 100 pounds or less is 2 mg./Ib. of body weight 
on the first day of treatment, administered in one or two infusions. 
Subsequent daily dosage is 1 to 2 mg./Ib. of body weight given as 
one or two infusions, depending on the severity of the infection. For 
children over 100 pounds the usual adult dose should be used. (See 
"Warning" Section for Usage in Children.) 

General: The duration of infusion may vary with the dose (100 to 
200 mg. per day), but is usually one to four hours. A recommended 
minimum infusion time for 100 mg. of a 0.5 mg./ml. solution is one 
hour. Desired concentrations of the final solution should be 0.2 
mg./ ml. to 0.5 mg./ml. Concentrations below 0.1 mg./ ml. or above 
1.0 mg./ml. ere nct recommended. Therapy should be continued for 
at least 24-48 hours after symptoms and fever have subsided. The 
therapeutic antibacterial serum activity will usually persist for 24 
hours following recommended dosage. 

Intravenous solutions should not be injected intramuscularly nor 
subcutaneously. Caution should be taken to avoid the inadvertent 
introduction of the intravenous solution into the adjacent soft tissue. 

More detailed professional information available on request. 


Capsules equivalent to 


For follow-up therapy/ Vibramycin eaie Capsules 


(doxycycline hyclate) 


50 mg. and 100 mg. doxycycline 
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A New Approach to the Control of Esophageal Stenosis 


TENOSIS of the esophagus is a frequent complication 
2g of healing after chemical or mechanical injury. Re- 
placement of a normal tíssue segment with dense con- 
nective tissue. having different physical properties than 
normal esophagus causes disability. The fundamental bio- 
logical processes involved are synthesis, deposition, and 
remodeling of a fibrous .protein—collagen. Thus, if col- 
lagen synthesis and deposition could be prevented or if 
the physical properties of the end product could be con- 
trolled, stenosis theoretically could be prevented. 

Present preventive measures are based upon the phy- 
sical effects of mechanical bougienage, which are similar 
to corrective splinting of a surface wound, and the phar- 
macological inhibition of collagen synthesis by steroids, 
which is temporary and only partially effective. More- 
over, mechanical dilatation cannot be applied continu- 
ously; therefore, each episode of dilatation corrects rather 
than prevents stenosis. Such practice inexorably creates 
new wounds which also heal by synthesis and deposition 
of new fibrous protein. Thus; the expression, “Once a 
bougienage patient, always a bougienage patient” is 
pathetically true for many patients. 

Although inhibition of collagen synthesis already is 
possible in tissue culture preparations and in some 
laboratory animals and ultimately will be practical in 
human beings, thé most likely possibility for preventing 
human esophageal stenosis in this decade appears to be 
control of physical properties of newly synthesized col- 
lagen.281617 Among other factors such as the amount 
of collagen synthesized and the physical weave of 
various subunits, physical properties of newly syn- 
thesized scar tissue are the result of type and number 
of chemical cross-links between molecules. Although 
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many different cross-links have been identified (hydro- 
gen bonds, water bonds, etc.), covalent bonds such as 
Schiffs bases formed between an amino group of one 
molecule and an aldehyde group on another presently 
are believed to be of major importance in the stabilization 
of molecular structure. Several classes of chemical 
agents interfere with formation of covalent cross-links; 
aminonitriles, of which Beta-aminopropionitrile (BAPN) 
is the most powerful, are the most effective. Beta-amino- 
propionitrile acts by inhibiting the action of lysyl oxidase 
during oxidative deamination of lysine.!* Oxidative de- 
amination is an important step in production of aldehyde 
groups necessary for development of covalent cross- 
bonds.18 

Collagen without covalent cross-links is soluble in cold 
salt solution, shows a heavy preponderance of uncross- 
linked alpha chains when subjected to electrophoresis, 
and, most important 1 to the concepts formulated in this 
report, has significantly decreased tensile strength.?? The 
effect of collagen cross-links upon burst strength or re- 
sistance to stretch has been shown in a number of bio- 
logical preparations, Tanning of leather, of course, is a 
familiar example of change in physical properties. of 
collagen secondary to addition of tannic acid cross-links. 
Increase in burst strength of animal scar tissue has been 
produced by adding methyl or amide cross-links while 
significant reduction of burst strength of scar tissue has 
been accomplished by preventing formation of cross- 
links by lysyl oxidase inhibition.) BAPN, in doses 
which do not affect general metabolism, has heen shown 
to be extraordinarily effective in reducing burst strength 
of healing skin wounds in rats, reducing the restrictive 
effect of adhesions around a flexor tendon repair in 
chicken’s feet, and changing the type and amount of scar 
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tissue in dimethylnitrosamine-induced hepatic cirrhosis 
in rats.+511 That a similar alteration of physical prop- 
erties of collagen in a healing wound of a tubular organ 
such as the esophagus might prevent disability caused by 
fibrous stenosis has been tested in the experiments re- 
ported in this report. 


Materials and Methods 

Testing the hypothesis that esophageal stenosis can be 
prevented by altering cross-linking of newly synthesized 
collagen requires development of a consistently repro- 
ducible model of esophageal stenosis secondary to forma- 
tion of scar tissue. The increasing frequency of chemical 
burns of the esophagus secondary to ingestion of caustic 
household products and the prevalence of acid and 
peptic esophagitis sometimes causing fibrous esophageal 
stenosis made chemical burn of the esophagus attractive. 
The model recently described by Knox in which an 
esophageal burn is produced by instillation of sodium 
hydroxide appeared suitable, provided that the degree 
of injury, depth of burn, and magnitude of stenosis could 
be standardized.’ Preliminary experiments on the his- 
tology of wound healing in the esophagus of dogs follow- 
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ing instillation of sodium hydroxide revealed that healing 
and scar deposition were directly proportional to the 
depth of the burn—a conclusion previously suggested by 
clinical studies of human esophageal burns. Although not 
proven histologically, it has been generally appreciated 
that lye burns affecting epithelium only do not produce 
significant fibrous scar whereas burns extending into sub- 
mucosa and muscularis inexorably lead to formation of 
scar and reduction of internal diameter. Comparison of 
similar observations in dogs with histological studies re- 
vealed that standardization of the depth of the bum 
would be necessary if a reproducible scar and stenosis 





during healing was to occur. In preliminary experiments 
designed to control depth of the burn, the isolation of 
the material over a measurable and carefully controlled 
distance, concentration. of sodium hydroxide, time of 
application, and intraluminal presssure during exposure 
to sodiwn hydroxide were found to be critical in pro- 
ducing injury of uniform depth and destructiveness 
(Fig. 1}. 
modifications of the basic Knox model were utilized. 
Under Nembutal anesthesia, a left thoracotomy was 
performed to expose a 5 cm. segment of the distal 


As a result of these studies, the following 





Fic. l. Histological appearance of full thickness burn of esophagus 5 days after instillation of 20% sodium hydroxide (40X 
magnification ). 
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esophagus. A double lumen plastic nasogastric tube was 
inserted into a 5 cm. esophageal segment isolated from 
the remainder of the esophagus by applying umbilical 
tapes as "chokers" at each end (Fig. 2). Careful measure- 
ment of the length of the isolated segment is important; 
burns longer than 5 cm. produce a scar which easily 
perforates during early bougienage. A 20% solution of 
sodium hydroxide was instilled into the isolated segment 
until a pressure of 30 cm. of water could be measured; 
this pressure was maintained for 60 seconds. The sodium 
hydroxide was then removed and three separate distilled 
water irrigations of the isolated segment were carried 
out for 15 seconds each at a pressure of 30 cm. of water. 
Before the chokers were removed, extent of the burn 
was marked with steel wire sutures placed in the muscle 
and submucosa at either end of the segment. Distance 
between sutures was measured directly while the chest 
was open and by x-ray after thoracotomy was closed. 

As Knox reported, esohageal stenosis can be prevented 
in a chemical burn of the esophagus by utilizing biweekly 
esophageal bougienage and daily intramuscular injection 
of Prednisolone.’ In our experiments bougienage was per- 
formed twice weekly for 6 weeks using a #42 French 
mercury filler dilator. Prednisolone was administered in 
a dose of 0.1 mg./Kg. body weight during the 6 weeks 
of bougienage treatment. 

Because there is wide variation in species sensitivity 
to various lathyrogens and dose toxicity studies of BAPN 
have not previously been performed in dogs, preliminary 
experiments were necessary to select a dose, course, and 
route of administration of Beta-aminopropionitrile which 
would alter physical properties of newly synthesized 
collagen without affecting mature connective tissue. Data 
from these experiments revealed that BAPN fumarate 
administered intraperitoneally in a daily dose of 100 
mg./Kg. body weight during a 6-week treatment period 
would produce measurable lathyrism in cutaneous scars 
(Table 1) without affecting mature connective tissuc. 
Animals on this dose of BAPN ate normally, maintained 


TABLE 1. 
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Fic. 2, Isolation of 5 cm. segment of esophagus between umbilical 
tapes and chokers. 


pretreatment. body weight, and showed no clinically 
adverse signs or symptoms. 

Measurements included clinical observation of animals, 
measurement of esophageal diameter every 2 weeks us- 
ing a standard barium esophagogram obtained under 
general anesthesia, direct measurement of stenosis and 
histological examination of scar in animals which did 
not survive, and extractability of collagen in selected 
specimens. 


Experimental Design 


Forty mongrel dogs were divided randomly into three 
groups. All of the dogs received a standard lye burn of 
the esophagus as described above. Group I animals re- 
ceived no therapy and served as controls for Groups II 
and III. Immediately after production of the esophageal 
burn, Group II animals were started upon a 6-week 
course of biweekly bougienage and daily injections of 
Prednisolone (0.1 mg./Kg. body weight). Group III 
animals received only Beta-aminopropionitrile fumarate, 
100 mg./Kg. body weight, as a daily intraperitoneal in- 


Dose-toxicity Study of BAP N in Dogs* 





Control 


100 mg. BAPN /Kg. 


165 mg. BAPN/Kg. 218 mg. BAPN/Kg. 





Extractable 


Extractable 


Extractable Extractable 





Collagen** Collagen** Collagen** Collagen** 
Weight (ug Hyp/mg. Weight (ug Hyp/mg. Weight (ug Hyp/mg. Weight (ug Hyp/mg. 
Weeks (Kg.) wet wt.) (Kg.) wet wt.) (I&g.) wet wt.) (Kg.) wet wt.) 
0 20 20 17 18 
2 21 0.73 20 2:12 18 2.18 14 2.10 
4 20 0.68 18 1.97 15 2.76 101 3.441 
6 19 18 13 





* Mean values, two dogs in each group 


** Collagen extracted from excised cutaneous wounds with 0.45 M NaCl at 4°C 


1 One dog died 
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TABLE 2. Smallest Diameter of Esophagus (mm + S.E.) 
Group I Group II Group III 
Steroids and 
Control Bougienage BAPN 
Pre-burn 28.9 + 0.98 27.7 + 0.90 26.5 + 1.28 
2 wk. 6.8 + 1.21 12.8 + 1.24 15.3 i 1:28 
4 wk. 6.0 + 0.89 14.2 + 1.41 12.1 + 1.88 
6 wk. 8.0 + 1.48 19.1 + 2.47* 12.2 + 1.39* 
8 wk. 6.8 + 1.86 18.6 + 3.08* 15.2 + 1.16* 
10 wk. 7.0 + 2.20 16.0 + 1.94* 14.6 + 1.87* 
12 wk. 8.6 + 2.17 20.0 + 2.30* 17.0.4 1.70* 





* Significantly different from controls—p < 0.01 


jection. Prednisolone alone or bougienage alone controls 
were not performed; Knox demonstrated that adequate 
therapy requires simultaneous utilization of bougienage 
and steroids." Preliminary studies revealed that diet does 
not influence progression of stenosis; dogs are not able to 
perform a more effective bougienage by forcing a bolus 
of solid food through the esophagus rather than swallow- 
ing liquids. To maintain animals in the best possible 
state of hydration and nutrition for this entire experi- 
ment, a soft diet was administered. Treatment was car- 
ried out in Groups II and III for 6 weeks. All animals 
were studied for an additional 6 weeks for a total of 12 
weeks of observation. Surviving animals were sacrificed 
at 12 weeks; autopsies were performed on all dogs. 


Results 


Data from the dose toxicity studies of BAPN in mon- 
grel dogs are shown in Table 1. These data indicate that 
a dose of 100 mg./Kg. body weight of BAPN adminis- 
tered by intraperitoneal injection will produce measur- 
able lathyrism in newly synthesized scar tissue without 
producing significant general metabolic effects. 

Esophageal diameters in the three groups are shown 
in Table 2 and Figure 3. All dogs in Group I (controls) 
developed esophageal stenosis resulting in an internal 





mean 17 Dogs - - - - Steroids and Bouginage 
mean 12 Dogs BAPN 
mean11 Dogs — — Saline 





WEEKS 


Fic. 3. Esophageal diameters of control and treated dogs. 
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diameter one-third or less of preburn dimensions. Steno- 
sis in Group I dogs persisted during the entire study 
period and resulted in death of half of the dogs before 
the 12-week experiment ended. Seven of 17 dogs in 
Group II and five of 12 dogs in Group III died during 
the experiment. Death was due to esophageal perfora- 
tion, abscess formation, and aspiration; starvation did not 
cause death in any of the treated animals (Fig. 4). 
Analysis of the data reveals that treatment with BAPN 
alone ( Group III) protected animals with chemical burns 
of the esophagus from developing esophageal stenosis 
without the use of mechanical bougienage or steroid 
therapy (p < 0.01). There was no significant difference 
between the effectiveness of treatment with BAPN alone 
(Group III) or treatment by repeated mechanical bou- 
gienage and steroid therapy (Group II) (Figs. 5 and 6). 
It is of considerable interest, however, that four of the 
11 surviving dogs in Group II ( bougienage and steroids ) 
developed stenosis during the 6-week observation period 
after bougienage and steroids were discontinued (Fig. 
7). No dogs in Group III (BAPN-treated) developed 
stenosis during the 6-week observation period after 
BAPN was discontinued. 

Histological examination of scar tissue in the healed 
esophageal segment revealed deposition of large amounts 
of collagen in the submucosal and muscular layers (Fig. 
8). No abnormalities in collagen fibers or unusual pat- 


Fic. 4. Barium esophago- 
gram of dog from Group 
I (control) 6 weeks fol- 
lowing instillation of 20% 
sodium hydroxide. 
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Fic. 5. Barium esophago- 
gram of dog from Group 
II (treated by bougien- 
age and prednisolone) 6 
weeks following instilla- 
tion of 20% sodium hy- 
droxide. 


terns of inflammatory reaction were noted. Any small 
wounds which might have been caused by mechanical 
trauma secondary to bougienage healed during the post- 
bougienage observation period. Histological examination 
also suggested that therapy did not influence the amount 
of collagen synthesized. The size and type of scar, esti- 


¢ mated under light microscopy using a Masson trichrome 


í 


stain, were not altered. 


Discussion 


During a 12-week observation period, administration 
of Beta-aminopropionitrile for 6 weeks is as effective in 
preventing esophageal stenosis after sodium hydroxide 
burn in dogs as conventional therapy with mechanical 
bougienage and steroids. Differences in internal diameters 
of the esophagus between Group I and Groups II and III 
apparently were due to the effect of internal splinting in 
Group II and alterations of physical properties of col- 
lagen in Group III. Such observations are consistent with 
data presently available on the biology of surface healing 
of splinted wounds and the effect of lathyrism on wound 
healing. An additional finding that stenosis did not recur 
during the 6-week post-treatment observation period 
following BAPN administration whereas 35% of dogs 
treated by bougienage and steroids developed stenosis 
after treatment was stopped may be of even more 
clinical significance. 
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Fic. 6. Barum esophago- 
gram of dog from Group 
III (treated by BAPN 
only) 6 weeks following 
instillation of 20% sodium 
hydroxide. 





The data raise important questions concerning the 
mechanism by which BAPN prevents stenosis and the 
possibility that an established stenosis also might be 


Fic. 7. Barium esophago- 
gram of dog from Group 
II (treated by bougien- 
age and prednisolone) 12 
weeks following instilla- 
tion of sodium hydroxide. 
Note recurrence of stric- 
ture. 
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Fic. 8. Histological appearance of stenosed esophageal wall 6 weeks following full thickness injury by instillation of 20% 
sodium hydroxide. Note deposition of collagen through entire thickness of esophageal wall (100x magnification). 


treated successfully by induced lathyrism. Stenosis of a 
tubular organ conventionally has been thought of as the 
result of wound contraction as well as collagen synthesis. 
Our data make such an assumption suspect. Beta- 
aminopropionitrile has practically no effect upon wound 
contraction in surface wounds; the only known effect of 
Beta-aminopropionitrile is prevention of cross-bonding 
in newly synthesized collagen.’ Theoretically, therefore, 
BAPN should not affect wound contraction in the 
esophagus. Moreover, wound contraction occurs nor- 
mally in ascorbic acid depleted guinea pigs during a time 
when collagen synthesis is only 15% of normal! The 
marked effect of Beta-aminopropionitrile on development 
of stenosis suggests therefore that the fundamental mech- 
anism involved in esophageal stenosis is not wound 
contraction but collagen synthesis, deposition, and re- 
modeling. Although our histological studies revealed 
that some increase in thickness of the wall of the 
esophagus was due to deposition of new connective 
tissue, newly synthesized scar did not account for all 
reduction in internal diameter. If wound contraction, 
as occurs in surface wounds, did not occur in the esoph- 
agus, the most likely explanation for reduction in internal 


diameter is secondary remodeling of newly synthesized 
and rapidly turning over collagen so that a non-yielding 
segment of reduced size results. If that segment was 
composed primarily of poorly cross-linked collagen, the 
effect of no more harsh bougienage than swallowing a 
bolus of soft food could maintain essentially normal 
internal diameter. Such speculation points out the need 
now for fundamental biological studies on the mechanism 
of healing in internal organs. Basic data such as site 
and mechanism of wound contraction in tubular organs, 
rate of collagen synthesis, rate of collagenolytic activity, 
etc. which have been measured accurately in surface 
wounds simply are not available for internal organs. 

If present data on collagen turnover in surface wounds 
is applicable to healing and scar production in internal 
organs, the principle of controlled induced lathyrism may 
be useful in treatment of established stenosis. Kinetic 
studies on dermal scar reveal that synthesis and deposi- 
tion of collagen are significantly greater than unwounded 
surrounding tissue for a relatively long time; collagenoly- 
tic activity, unmeasurable by tissue culture technic in 
adult unwounded skin, can be measured easily in cuta- 
neous scars for as long as 20 years after injury.*!5 Such 


A 
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data strongly suggest that cutaneous scar tissue has a 
prolonged, rapid turnover of collagen, thus making it 
selectively more sensitive to lathyrogenic agents than 
unwounded tissue. As a result, it may be possible to 
devise a course and dose of a lathyrogenic agent which 
will affect physical properties of scar tissue selectively 
without affecting normal tissue. The obvious opportun- 
ities for utilization of this principle in surgical patients, 
as compared to patients with long-standing chronic dis- 
eases such as scleroderma, are based upon kinetics of 
collagen deposition and turnover in wound scar. Thus 
agents and doses may be utilized to influence physical 
properties of surgical scar without affecting normal tis- 
sues with relatively slow metabolism. Although addi- 
tional data are needed, data garnered from study of 
surface wounds in laboratory animals and data pre- 
sented in this paper suggest that such a hypothesis may 
apply to wounds of the esophagus. If true, the principle 
of inducing controlled lathyrism might be useful not 
only in preventing esophageal stenosis in human beings 
but also as a biological adjuvant or alternative to re- 
peated mechanical bougienage or surgical replacement 
of the esophagus in patients with established stenosis. 

The principle of inducing controlled lathyrism to pre- 
vent stenosis during healing of an acute injury of a 
tubular organ appears to have important advantages 
when compared with conventional approaches. Previous 
experience with administration of Beta-aminopropionitrile 
to human beings is limited to treatment of patients with 
scleroderma and to patients undergoing restorative flexor 
tendon surgery.*!? Lathyrism has been induced in both 
groups with somewhat opposite results. Scleroderma pa- 
tients did not show significant toxicity to Beta-amino- 
propionitrile therapy over a 6-week course (mild osteo- 
genic abnormalities did begin to appear in one patient 
treated for a longer period) but no effect was produced 
on the course of the disease. In flexor tendon repair pa- 
tients, however, transient toxicity or hypersensitivity de- 
veloped between 11 and 20 days of therapy, but the effect 
of lathyrism, even for so short a time, on the amplitude 
of tendon motion and joint stiffness, suggested a re- 
markably beneficial effect. Further work is needed to 
elaborate apparent differences in toxicity or sensitivity to 
BAPN in the two groups of patients, but the principle 
that controlled lathyrism can be induced safely for at 
least 10 days has been established. Because data pre- 
sented in this report suggest that approximately 4 weeks 
of lathyrism may be necessary to prevent esophageal 
stenosis, development of other lathyrogenic agents, fur- 
ther studies on BAPN toxicity or sensitivity in human be- 
ings, and studies of the effect of BAPN on tubular organ 
stenosis for 10 days only seem in order. Such studies 
presently are being performed. 
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DISCUSSION 

Dn. J. Arex Harrer, Jr. (Baltimore): In 1963 we reported our 
experience with experimental caustic burns in which we used as 
the experimental animal a cat model, rather than a dog, because 
it was our understanding that the esophagus of the cat, which 
contains smooth muscle in the terminal one-third, would be more 
comparable to the human esophagus. 

I would like to ask the authors if they are concerned about their 
selection of the dog model. With their excellent results, I suspect 
that the choice of the animal does not make that much difference; 
but since there are differences in anatomy I would like to hear 
their comments. 

The other question related to their protocol which does not in- 
clude a group of animals without bougienage, in which steroids 
alone were used. In our experiments we found that with steroids and 
antibiotics, bougienage was not necessary. On this regimen cats did 
not develop significant strictures. 

As a matter of fact, on the basis of that experimental study we 
embarked upon a prospective but not randomized patient study, 
and have just reviewed our accumulated experience in more than 
200 children with caustic burns of the esophagus from the Uni- 
versity of Miami and on our service in Baltimore. In this group 
of children, which includes 69 with endoscopy proven caustic 
burns, only five developed any evidence of stricture formation. 
These patients were on steroids and antibiotics alone. 

I do not want my questions to be misunderstood, because in 
perspective, if this new material could prevent the formation of 
caustic strictures, and if we could avoid the used of steroids in 
young children, questions of experimental design would be aca- 
demic. 

I would like, therefore, to ask the authors whether this substance, 
BAPN, has known toxicity in young children, whether the dosage 
which is used in animals is one which could be used in children 
between the ages of one and three, in whom we see most of the 
serious caustic burns, and whether the side effects of this drug 
would be less serious than those of steroids? 


Dr. Hunt (San Francisco): The Arizona group has been work- 
ing in this area for a long time, and this paper represents another 
sure step toward a revolutionary goal of biochemical control of 
scar tissue. In, perhaps, 5 to 10 years' time this type of therapy 
will probably be routine. I suspect that controlled lathyrism will 
be an important part of the eventual control of scar tissue. How- 
ever, whether the eventual agent is BAPN or not is questionable. 

Meanwhile, however, BAPN is not available, and steroids are all 
we have. Steroids, carefully used, are effective. Therefore, I offer 
a few comments in the spirit of amplification, rather than in the 
spirit of competition. 

My colleagues, Al DeLorimier, Art Thomas, and I have treated 
20 patients with established strictures of trachea and esophagus. 
The majority of esophageal lesions, mostly localized lye strictures, 
have been treated successfully with local injection of steroids 
without need for operation. 

Tracheal strictures have been even more interesting. We have 
treated. six patients who were scheduled for resectional surgery of 
complex tracheal strictures, and five are free of stricture without 
operation, Only one requires continuing bougienage. For these, we 
have been giving every other day oral Triamcinolone and bougienage 
on indication. However, steroids must be used carefully. There are 
tasks which they cannot perform. These patients have been care- 
fully selected. 

Tight, mature, fibrous strictures in the trachea do not respond 
to systemic steroids. On the other hand, many stricture which 
appear tight on x-ray or indirect studies turn out to be soft, in- 
flammatory granulation tissue, and will respond dramatically, some- 
times even overnight or within days. 

Dr. Leveen (Brooklyn): I wish to ask a question of Dr. Davis. 

I wonder why he chose BAPN rather than penicillamine. Also, 
he showed us some photomicrographs showing proliferation of 
fibrous tissue in his control specimens. Although the lathyrogenic 
properties would prevent cross-linking of fibrous tissue, is there 
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the same degree of proliferation? Is it weakened collagen, or is 
proliferation prevented as well? 

You did not show any photomicrographs of the experimental 
animals, and I wondered if there were some available. 


Dr. J. W. Mappen (Closing): Let me take the questions in 
reverse order, if I may. In answer to Dr. Leveen's question—why 
BAPN rather than D-penicillamine?—some practical and some 
theoretical reasons. BAPN is a lysyl oxidase inhibitor which pre- 
vents the oxidative deamination of the epsilon amino group on 
lysine side chains. Collagen that is produced under the influence of 
BAPN cannot form aldehyde derived cross-links. D-Penicillamine 
is a lathyrogen, but acts in an entirely different way. D-Penicil- 
lamine is a powerful chelator not only of copper but also of 
aldehyde groups. D-Penicillamine actually chelates the aldehyde 
groups already formed, and prevents cross-bonding. BAPN is by 
far the mast powerful lathyrogen, much more powerful than D- 
penicillamine. Second, since we are interested in principles—we 
are not trying to sell you a drug—it seemed a little more practical 
to use BAPN, D-Penicillamine is about 50 times as expensive. We 
do have studies in progress with D-penicillamine in man and 
animals, and although it is not quite as powerful a lathyrogen, 
the results from this drug look quite good. 

As far as the histology of the BAPN versus the control animals 
is concerned, BAPN does not affect the rate at which collagen is 
synthesized. It only affects collagen's ability to cross-link. As a 
consequence, when one looks at the tissues histologically, they look 
identical. We do have complete histological material, Dr. Leveen. 
We did not bring it, but we would be glad to share it with you. 

As far as Dr. Hunt's comments are concerned, established stric- 
tures are, of course, much more fascinating to us than the acute 
lesion. While steroids and bougienage are quite effective in pre- 
venting stricture in animals, they are not quite so effective in 
reversing established stenosis. Currently, we do have experiments in 
progress to attempt to answer the question of whether BAPN ad- 
ministration plus dilatation can reverse established strictures. The 
preliminary data says they can. 

As far as Dr. Haller’s questions are concerned, we were, of 
course, concerned about the model we chose. There is no ques- 
tion about it: The best study of man is man. I think you can 
make a great case for there being equal problems with the cat and 
the dog model. We are not making statements about animals other 
than dogs. Steroids alone in cats prevent stricture, but steroids 
alone in dogs do not. Knox’s studies show this quite definitely. 
Steroids alone, even in large doses along with antibiotics, are not 
effective; you must add bougienage to maintain patent esophagi. 
This may 5e just one of the differences between cats and dogs, and 
perhaps it shows, along with your clinical work, that cats are a 
better model. 

As far as BAPN's toxicity is concerned, this material has been 
given to 11 patients at the National Institutes of Health, four of 
them for rather prolonged periods. We have given it to six pa- 
tients. BAPN creates hypersensitivity reactions in about two 
thirds of the people that get it. Whether or not these reactions 
can be modified or blocked by adding steroids to the drug pro- 
gram, we do not know. What we are trying to do is establish a 
principle. We are not trying to push this particular agent. We are 
using BAPN only as an example of an agent which alters scar 
collagen metabolism. I believe these data have established the fact 
that altering the metabolism of scar collagen can have significant 
effects on the pathophysiology of fibrous disease. Although this 
paper deals specifically with esophageal stenosis, fibrous strictures 
of other hollow organs may be amenable to the same type of 
therapy. More important, there are a host of human diseases in 
which the pathophysiology seems directly related to the alterations 
in physical properties caused by the deposition of fibrous tissue. 
Cirrhosis of the liver, pulmonary fibrosis, retroperitoneal fibrosis, 
abdominal adhesions, and a host of other diseases are involved. If 
we had a safe, clinical effective method of altering scar collagen 
metabolism, all of these diseases might be amenable to therapy. 
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HEMICAL TRACHEOBRONCHITIS is caused by inhalation 
( smoke and other incomplete combustion prod- 
ucts, The severity of mucosal injury is probably propor- 
tional to the concentration and duration of contact with 
the noxious agents. Inhalation injury predisposes the 
respiratory tract to infection and causes a significant in- 
crease in the mortality rate associated with thermal in- 


jury.! Although the pulmonary damage may be obvious . 
jury Ei P Ty 8 y 


at the initial examination, signs of inhalation injury 
often appear later in the postburn period. and in some 
cases are evident only by autopsy. Early diagnosis, pre- 
viously difficult, permits early therapy and may mini- 
mize both acute disability and fatal septic pulmonary 
complications. 

19 Xenon perfusion and ventilation tests are precise 
measurements of regional function in patients with pul- 
monary disease.^?5 This study evaluates the early post- 
burn period disturbances in ventilation by use of 3? Xenon 
lung scans in the absence of gross roentgenologic changes 
in burn patients and correlates these findings with the 
presence of inhalation injury. 


Methods 


Fifty consecutive patients with thermal injury due to 
flame, admitted to the United States Army Institute of 
Surgical Research within 48 hours of injury, have been 
studied. All patients with scald and chemical burns were 
excluded from this report. Upon admission, a complete 
history was obtained to define pre-injury respiratory dis- 
ease and smoking history. Following a thorough physical 
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examination, a chest X-ray was performed and arteria 
blood was drawn for gas analysis. 

In the radioisotope laboratory, a Xenon scan wa 
performed, using a Nuclear/Chicago scintillation camer: 
with an 11.5-inch sodium iodide crystal and a divergin; 
collimator by injecting 6-10 microcuries of Xe! dis 
solved in saline into either the antecubital or femora 
vein. Serial scintiphotograms were obtained every : 
seconds during the initial 28-second period, then ever 
30 seconds until ventilatory clearance of the radioactiv 
gas was completed (Fig. 1). 

A normal scan demonstrated complete and equal clear 
ance of the Xe!*? within a 90-second period * (Fig. 2) 
while delay of clearance beyond this time period and/o 
segmental retention of the isotope was considered ab 
normal (Fig. 3). 

The physical findings, clinical course and laborator: 
results of all patients and the autopsy results for thos 
patients who died were carefully recorded and relate 
to the observed scintiphotographic changes. 


Results 


Fifteen of the 50 patients studied had abnorma 
133 Xenon scans on admission to this Institute. The aver 
age burn size was 42% total body surface for the tota 
group and 50% for those patients with abnormal xenoi 
scans. Forty-one patients were injured in an enclose 
space, although only 29 accidents were considere 








® Based on 133Xenon T 1/2 of 27 sec. and clearance in “normals 
previously studied.¢ 
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Fic. 1A. A multichannel gamma counter centered over the chest — Fic. 1B. The console contains an oscilloscope and Polaroid attach- 


of a thermally injured patient. A vacuum exhaust is employed to ment to record serial scintiphotograms. 
remove the exhaled isotope to minimize exposure of the tech- 
nicians. 





Fic. 2. A normal pulmonary scan consisting of (A, left) uniform perfusion, (B, right) equal distribution before clearance. 
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Fic. 2C (left). Clearance of isotope almost complete at 88 seconds, (D, right) complete clearing with no “hot spots.” 


“closed space injuries.” Eighty-seven per cent of the 
patients with abnormal !??Xe scans and 22% of patients 
with normal scintiphotograms were injured in a "closed 
space." 

Facial burns were present in 865 of patients with nor- 
mal xenon scans, while burns of the head and neck oc- 
curred in two-thirds of those with delayed isotope 
clearance (Table 1). Two patients with abnormal scinti- 
photograms had intra-oral burns. Carbonaceous sputum 
was produced in one-half of the patients with !? Xenon 
ventilation disturbances and was not produced by pa- 
tients with normal scans. In this series, carbonaceous 
sputum was seen early in some patients but was usually 
observed first on the third postburn day. Hoarseness was 
noted in four of the 15 patients with abnormal scans, 
beginning the second postburn day, and did not occur 
in any patients with a negative scan. Wheezing was sub- 
sequently recorded in seven patients who had delayed 
isotope clearance, usually starting the third day post- 
injury. None of the patients with normal scans had 
wheezing during hospitalization. 

Pulmonary atelectasis or infiltrates demonstrated by 
roentgenogram were observed during the initial week 


post-injury in two-thirds of the patients with delayed 
isotope clearance, while patients with normal scans had 
a 6% incidence of abnormal chest X-ray findings (Fig. 4). 
Pulmonary functon tests to measure major airway ob- 
struction were performed in four patients, of whom three 
had abnormal xenon scans (Table 2). All showed de- 
creased dynamic lung compliance. Increased lung re- 
sistance and further decrease in dynamic compliance with 
increased frequency of respirations were noted in one 
patient who had an abnormal scan. 

Bronchoscopy, carried out in five patients with ab- 
normal scintiphotograms, revealed severe inflammation 
of the mucosa, areas of mucosal sloughing, tissue casts 
and carbonaceous material. Admission Pa,» on room air 
was 82 mm. Hg for the normal scan group and 77 mm. 
Hg for the abnormal !5?Xe scan group. 

The mortality rate was significantly higher for patients 
with abnormal scintiphotograms (60%) compared with 
the other group (28%). Autopsies were performed in all 
19 patients in this study who died. Six of the nine pa- 
tients dying in the group with abnormal scans had patho- 
logical pulmonary findings of carbonaceous material, 
mucosal inflammation or sloughing without infection, and 
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Fic. 3. An abnormal pulmonary ventilation scan including (A top) 
normal perfusion, (B bottom) retention of the !3?Xe gas at 90 
seconds. 


bronchial casts, and all were diagnosed as having inhala- 

tion injuries. The remaining three cases had mucosal 

damage with superimposed bacterial infection. The au- 

topsies of the ten patients with normal scans revealed nor- 

mal lung tissue in eight and hematogenous pneumonia in 
E £ f 

two. 


Discussion 

88Xenon and scintiphotograms are widely employed 
to measure both the perfusion and the diffusion-ventila- 
tion phases of pulmonary function. The accuracy of this 
technic in documenting abnormal components of respi- 
ratory function has been reported by several investiga- 
tors. Since inhalation injury primarily affects the airways, 
133 &enon scans were employed to evaluate ventilatory 
changes in the lungs of burn patients. 
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There was uniform agreement between the !?Xenon 
scan diagnosis of inhalation injury and clinical pathologi- 
cal findings. In patients with abnormal scans, the diag- 
nosis of inhalation injury was confirmed clinically by the 
production of carbonaceous sputum, hoarseness, wheez- 
ing, visual changes at bronchoscopy and/or autopsy 
findings. Two or more clinical diagnostic criteria for in- 
halation injury were present in each case except for two 
patients who died within 72 hours of injury and demon- 
strated conclusive autopsy findings. Although most pa- 
tients ultimately exhibited multiple clinical signs of in- 
halation injuries, these findings were often not discernible 
until roentgenologic changes were obvious or the indi- 





Fic. 3C. Segmental retention of isotope in right lower lobe area 
at (top) 150 seconds and (D bottom) 270 seconds. 
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TABLE 1. Clinical Findings versus Scans 





Abnormal Scans Normal Scans 





Face burns 10/15 (66%) 30/35 (86%) 
Intra-oral burns 2/15 (13%) 0/35 ( 0%) 
Carbonaceous sputum 8/15 (53%) 0/35 ( 0%) 
Hoarseness 4/15 (27%) 0/35 ( 0%) 
Wheezing 7/15 (47%) 0/35 ( 0%) 
Mortality rate 9/15 (60%) 10/35 (28%) 








vidual developed a complication secondary to the in- 
halation injury. 

X-ray abnormalities were common in the group with 
abnormal scans but were often nonspecific and fre- 
quently developed after the third postburn day. Over 90% 
of the patients with normal xenon clearance at admission 
had no pulmonary complication requiring treatment dur- 
ing their hospital course and only two patients in this 
“normal” group had radiologic findings consistent with 
pneumonia. In each of the patients, septicemia was docu- 
mented prior to the onset of the X-ray abnormalities, and 
the pneumonia was considered hematogenous in origin. 

Three patients with abnormal xenon scans and docu- 
mented inhalation injuries were studied extensively dur- 
ing the early post-injury period in this unit’s pulmonary 
function laboratory. Dynamic lung compliance was re- 
duced in these patients, typical of all major burns with 





Fic. 4A. Normal admission chest X-ray. 
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Fic. 4B. 13*Xenon scan, showing regional trapping in right upper 
lobe and mid-left lung field 152 seconds post-injection, performed 
following admission chest X-ray. 


or without inhalation injuries. Increased lung resistance 
and further decrease in dynamic compliance with an in- 
crease in respiratory rate, indicating diffuse damage to 
both large and small airways such as an inhalation in- 
jury would produce, were noted in only one of three 
patients with documented inhalation injuries. This points 
outs the difficulty of making the diagnosis of an inhala- 
tion injury, even with sophisticated physiologic measure- 
ment technics. 

Although no false positive or negative diagnoses were 
made in this series, both are possible. A complete his- 
tory of pre-injury pulmonary disease and cigarette smok- 
ing should be obtained. Diseases such as bronchitis, 
bronchiectasis, asthma, and viral pneumonia can produce 
ventilatory abnormalities on xenon scintiphotograms simi- 
lar to those we have observed following inhalation in- 
jury. The admission chest film, usually normal immedi- 
ately following inhalation injury, may be helpful in 
diagnosing pre-existent pulmonary disease (Fig. 5). Pa- 
tients with a prior history of respiratory tract disease or 
heavy smoking whose xenon scan is abnormal on ad- 
mission should have the test repeated after a brief but 





Fic. 4C. Chest X-ray 3 days later, demonstrating infiltrate in right 
upper lobe in area where !??Xe was trapped during first scan. 





Fic. 4D. Chest X-ray, 5 days following the burn, demonstrating 
bilateral infiltrates in areas of abnormal ventilatory clearance seen 
on the initial !??Xe scan. 
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vigorous period of intermittent positive pressure breath- 
ing with bronchodilators. Such therapy may change the 
xenon clearance pattern of patients with medical pul- 
monary disease, reducing the incidence of false positive 
diagnoses. 

Conversely, hyperventilation could theoretically result 
in such rapid clearance of the radioactive gas from the 
lung that inequalities in the ventilation pattern might be 
missed, giving a false negative result. All patients in this 
series had a respiratory rate of 20 or less at the time of 
initial testing. 

Postponement of the scan examination to the fourth 
postburn day or later may be another source of false 
negative tests. The maldistribution of ventilation and 
delay of gas clearance are presumed to be secondary 
to airwav inflammation and occlusion which, if minimal, 
may resolve promptly ( Fig. 6). Xenon clearance patterns 
reverted to normal by the fourth postburn day in 80% of 
the patients, although gas "trapping" persisted for up to 
10 days in severe cases. 

The perfusion patterns observed with xenon scan 
technic employed in this study were normal in every pa- 
tient. Although both the intravenous or inhaled routes 
using xenon gas can be used to demonstrate ventilation 
abnormalities, intravenous administration technic is more 
adaptable to the burn patient, for no active patient co- 
operation is required. The inhalation technic with 
1? Xenon requires active patient participation, including 
lengthy periods of breath holding, often not possible in 
severely ill patients. In addition, the !??*Xenon scan is 
easy and safe to perform. Calculations show that an 
intravenous injection of 40 microcuries of "Xenon, or 
four times the amount used in this study, results in a 10- 
millirad gonadal dose, a small percentage of the gonadal 
dosage delivered by conventional pelvic X-ray.* 

In this series, evidence of inhalation injury occurred 
in 30% of the patients, an incidence ten times higher than 
previously appreciated following flame burn using usual 
diagnostic criteria. This increased incidence of inhala- 
tion injury represents cases which may not have been 
diagnosed without the !*? Xenon scan because of lack of 
definite clinical signs. 

Treatment for inhalation injury includes the adminis- 
tration of warm humidified air, frequent coughing, pos- 
tural drainage, positive pressure inhalation treatments, 











TABLE 2. Pulmonary Function Tests 
Static Dynamic Lung 
Patient Lung Compliance Lung Compliance Resistance 
eg Decreased Decreased Normal 
2** Normal Decreased Increased 
ore Normal Decreased Normal 
4** Normal Decreased Normal 





* Normal scan 
** Abnormal scan 


^ 
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Fic. 5A. Admission X-ray showing increased marking in right upper 
lobe consistent with prior tuberculosis changes. 


nasotracheal suction, and bronchoscopy as needed. 
Tracheostomy was employed when indicated by the usual 
indications. Steroids were administered in anti-inflam- 
matory doses for 48 hours to seven patients following 
a diagnosis of inhalation injury by abnormal scan. Five 
of the individuals receiving steroids were among the 
eight patients wth abnormal scans who either survived 
or died of another complication after recovering from 
their inhalation injuries. However, the differences in burn 
size and the variation in individual pulmonary therapy 
make it impossible to reach a definite conclusion about 
the value of steroids in these burn patients with this 
injury. 





Fic. 5B. Xenon scan showing regional trapping in right upper lobe 
at 96 seconds post-injection. 
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Fic. 6A. Normal uniform perfusion phase of !*?Xenon scan. 


Fic. 6B. Unequal ventilatory clearance with left lower lobe 
"trapping." 

Fic. 6C. The edema of the tracheobronchial mucosa produces 

prolonged clearance of the gas and mucosal sloughing, and bron- 


chial casts cause regional — as shown in left lower lobe. 


Summary 


A 50-patient prospective study was completed to evalu- 
ate the use of ™ Xenon lung scans in the diagnosis of 
inhalation injury. Results demonstrated that !?Xenon 
scintiphotography prior to the fourth postburn day is an 
'asily performed, accurate diagnostic test for inhalation 
injury prior to the onset of symptoms, the validity of 
which has been confirmed by clinical and autopsy cor- 
relations. The lung scan can be performed in acutely 
burned patients without active patient cooperation. With 
careful attention to the individual's prior medical history, 
the admission chest X-ray and early scanning, the in- 
cidence of false interpretations of the xenon scans is low. 
Diagnosis by '?Xenon scan allows institution of early 
therapy of this injury which may reduce se condary bac- 
terial complications and lower the high mortality (60%) 
associated with inhalation injury. 
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Discussion 


Dr. Davin C. SanisroN, Jr. (Durham): These are very inter- 
esting observations, Certainly Drs. Moylan and Pruitt are to be 
commended, not only for the data included in the presentation, 
but also for the extended observations which they carefully docu- 
ment in their manuscript. 

(Slide) Dr. Robert H. Jones and I have also been interested in 
xenon scanning in clinical situations. I would like to illustrate this 
technic briefly by the findings in a patient. 

On this slide are the data obtained from a patient with chronic 
lung disease and bullae in the right upper lobe. The study was 
performed with a digital autofluoroscope composed of 294 separate 
scintillation counters operating simultaneously in a rectangular 
grid. This unit has the capability for a temporal and spatial resolu- 
tion, thus producing an automatic three-dimensional image by the 
computer. 

One sees this image of pulmonary blood flow following intra- 
venous injection of a small amount of !??Xenon dissolved in saline. 
Both lungs receive a completely acceptable pulmonary flow. On 
the upper right the lung volume is spatially depicted, and this 
test is accomplished by the breathing of !*Xenon for several 
minutes in order to obtain an index of lung volume. Again, one 
can see that the lung shows a satisfactory quantity of lung volume. 

With pulmonary bullae, a key feature is the rate of regional air 
exchange in the lung. On the lower image one sees this parameter 
evaluated simply by determination of the rate of air exchange, 
which is shown here to be severely depressed in the right upper 
lobe. 

(Slide) A defect in pulmonary arterial perfusion, on the other 
hand, is depicted in this patient, who had relatively normal 
aeration but who had nearly complete thrombotic occlusion of 
the left pulmonary artery. On the upper left one notes that only 
5% of the pulmonary blood is going through the left lung. 

On the other hand, after embolectomy with removal of the 
chronic pulmonary arterial embolus one sees a favorable redis- 
tribution of blood, with some 33 per cent going to the left lung 
and 67 per cent to the right lung. 

Thus, we believe the xenon assessment is a safe, rapid, and 
simple method, with computer capability to produce a uscful, 
three-dimensional image for each of these three major aspects of 
pulmonary function. 


Dn. Perers (San Diego): Dr. Moylan, with Dr. Pruitt's group, 
has shown us how another new diagnostic technic produced 
evidence of pulmonary injury earlier than was apparent from 
clinical manifestations. 

One might expect patients who have some tracheobronchial in- 
jury to have uneven ventilation, and the particular study they have 
chosen would be very sensitive to such changes, and in that 
aspect it is extremely well chosen. Too much of our present treat- 
ment of respiratory injuries, whether these injuries are the direct 
result of a burn or secondary to what we call the shock of post- 
traumatic respiratorv insuffiency, starts too late in the course of 
the disease. All studies of the mechanism of alveolar collapse and 
fluid filling suggest that it will be much easier to keep alveoli open 
than to open them once they are closed. 

Recent studies that we have done in modeling this suggest that 
if the lung compliance falls to 40% of normal, it will take an 
infinite pressure to hold the lung at the same residual capacity, or, 
in other words, to hold the alveoli open. 


This test appears to give such warning. For many people, it has 
the disadvantage that it is an expensive and complex instrument. 
"There are three questions I would like to ask this regard. 

Is the same pattern seen in patients who do not have thermal 
injurv, but have the post-traumatic respiratory distress syndrome 
without the injury? Second, what is the effect of increased 
minute ventilation alone on the time of washout, or does one 
have to look at the exponential decay xenon in the lungs as a 
function of the minute ventilation? Third, is there any evidence, 
from parallel studies correlated with xenon studies, that other less 
complex parameters might be predictive such as alveolar arterial 
oxygen or CO: gradients or respiratory mechanics measurements? 

I hope that this will be another means of preventing respiratory 
disease, rather than treating it late. 


Dr. Curtis Price Artz (Charleston): For many years the 
treatment of inhalation injury has been tracheostomy, antibiotics, 
and steroids. In the severely burned patient it is obvious that both 
tracheostomy and steroids may cause many complications, Thus 
when one has to make the decision whether or not there is in- 
halation injury, it is a very serious one. If one decides there is 
injury he must compromise the severely burned patient’s course by 
doing a tracheostomy and administering large doses of steroids. 

Xenon scan is a technic that is a better diagnostic tool. Al- 
though it is expensive and somewhat cumbersome, I think it will 
save many lives. Currently, we are losing lives by pulmonary in- 
jury because we do not make the diagnosis early enough and give 
the appropriate treatment. 

The authors are to be congratulated, and all of us should look 
into the technic now, because it will help us make the decision 
as to whether or not full-scale treatment for lethal inhalation 
injury is indicated. 


Dn. Joseru A. Movraw, Jr. (Closing): Dr. Sabiston, we have 
looked at perfusion in these patients, and it was undisturbed, 
although our technic is not as elegant and as refined as yours. 

Dr. Peters, we have not, as you know, studied any other 
traumatic injuries, as our admission policy is exclusively limited to 
burns. The effect of minute ventilation is an important considera- 
tion in these patients, as clearance of Xenon in the ventilatory 
phase is proportional to the rate and depth of respiration. In these 
patients the tests were all performed on admission, before any had 
any signifcant hyperventilation. In fact, the respiratory rate was 
below 24 per minute in all patients. 

We have attemped to define some other parameters which 
will help people make the diagnosis of inhalation injury. While 
we have not looked at A-a/O» gradients, we have looked at ad- 
mission Po/s in these patients, and have not found them to be 
statistically different. On the average, patients with normal scans 
had Po.’s of 89; patients with abnormal scans had Po.’s of 77. 

[Slide] We looked at pulmonary function tests in this group of 
patients, and found that static compliance is normal. In all four 
patients, regardless of the scan results, there was decreased dy- 
namic lung compliance, which is typical of all our major burns, 
whether or not they have inhalation injury. In only one patient who 
had an abnormal scan—Patient 2—was increased lung resistance 
noted, indicative of major airway disease. He had a further drop 
in dynamic compliance with increased frequency of respiration, 
indicating small airways disease. Thus, pulmonary function tests 
have not really helped us very much. 


Effect of Septal Defect Closure on the External Work ol 


ENERALLY, the benefits which can be expected from 
G closure of intracardiac left to right shunts are (1) 
minimization of the chance of bacterial endocarditis; (2) 
prevention of irreversible pulmonary vascular disease; 
and (3) correction or prevention of heart failure by 
decreasing the work of the heart. Most postoperative 
studies report these results in such patients who have 
had marked clinical and hemodynamic improvement.?-9 
However, in an earlier report € from this laboratory, it 
was noted that the energy dissipated in the pulmonary 
vascular bed per milliliter of blood flow was essentially 
unchanged immediately following atrial septal defect 
closure, suggesting that there may be little immediate 
change in the pulmonary vasculature, Also, Jarmakani 
and co-workers 5 have reported that 2 years after ven- 
tricular septal defect closure in children, the left ven- 
tricular mass had not returned to a “normal level,” raising 
the question that some irreversible conditions may be 
associated with myocardial hypertrophy. Considering the 
fact that vascular changes associated with left to right 
shunts and cardiac work are undoubtedly related, a group 
of patients were studied to provide a cleater definition 
of this relationship. 


Patient Material and Data Acquisition 


Pressure and flow data were obtained from ten’ chil- 
dren at the time the atrial (five patients) or ventricular 
(five patients) septal defects were corrected. No pa- 
tients with endocardial cushion defects are ‘included. 
Table 1 lists the patient’s diagnosis, age, sex, and body 
surface area at the time of operation, as well as the 
pulmonary arterial pressures and pulmonary to systemic 





Presented at the Annual Meeting of the American Surgical 
Association, April 26-28, 1972, San Francisco, California. 
Supported by NIH Grant No. HE1191-04. 


485 


the Heart in Childrer. 


BENSON R. WILCOX, M.D., CAROL LUCAS, M.S. 
. NORMAN A. COULTER, JR., M.D 


From the Department of Surgery 
The University of North Carolina School of Medicine 
Chapel Hill, North Carolina 2751: 


blood flow ratios measured at preoperative cardia: 
catheterization. 

With the patient under general anesthesia (halothan: 
or fluroxene and oxygen), the heart was exposed througl 
a median sternotomy. The aorta and main pulmonar 
arteries were isolated and a flow probe * of appropriati 
size was positioned to measure pulsatile blood flow, firs 
in the main pulmonary artery and then in the ascendin: 
aorta. Pressures were méasured through 20-gauge needle 
attached by large bore saline-filled catheters of equa 
length to a Statham differential manometer (Mode 
p23H).f For the pulmonary system, connections wer 
made so that the right superior pulmonary venous pres 
sure was recorded directly, as well as being automaticall 
subtracted from the pressure measuréd: in the mai 
pulmonary artery. Systemic pressures were obtained b: 
needle puncture of the ascending aorta. Systemic venou 
pressure was not recorded. Flow and pressure signal 
were recorded on magnetic tape for later compute 
analysis. These measurements were made prior to defec 
closure and before cannulation was carried out. Pos 
closure values were recorded only after cannulae wer 
removed and the patient was judged to be hemodynami 
cally stable. 


Computer Analysis 


The initial step in handling of data was the selectioi 
of analog data collected during operation, specifically 








* Carolina Medical Electronic Square-Wave Electromagneti 
Flowmeter, Winston-Salem, North Carolina 
+ Statham Medical Instruments, Inc., Los Angeles, Californi: 
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TABLE 1. Preoperative Data 

PAm} 

Age*& Diag- PA(S/D) (mm. 

Patient sex nosis BSA* Op/Qst (mm. Hg) Hg) 
1 5M ASD 0.84 1.74 24/4 15 
2 6M ASD 0.79 1.9 25/8 15 
3 7M ASD 0.85 1.6 32/8 16 
4 9M ASD 0.92 1.3 23/9 14 
5 15M ASD 1.23 3.7 48/12 28 
6 5M VSD 0.79 1.6 32/8 16 
7 5M VSD 0.65 3.2 48/15 38 
8 7M VSD 0.98 1.3 22/8 16 
9 7M VSD 0.86 1.8 27/13 21 
10 12F VSD 1.55 1.8 24/8 13 


* Age and body surface area (BSA) at operatior. 
1 Flow ratio (Op/Qs) and pulmonary artery systolic, diastolic and 
mean pressure at cardiac catheterization 


(1) pulmonary and aortic flow; (2) pulmonary and 
aortic input pressure; (3) pulmonary differential pres- 
sure; and (4) pulmonary venous pressure. A general 
purpose program sampled all tape channels simulta- 
neously. Utilizing a Raytheon " analog to digital con- 
verter equipped with a Tektronix 611 ł oscilloscope, the 
data were digitized and stored in integer form on the 
disk of an IBM 1130 digital computer. A »attern recog- 
nition procedure was used to filter the signals to re- 
move spike-like artefacts. An autocorrelation procedure 
then determined the exact beginning and ending points 
of each complete pulse, and the refined selected curves 
were displayed on the scope to determine the success of 
spike removal and selection procedures. 

Following this, the data were subjected to Fourier 
analysis in which a predetermined number of harmonics 
were calculated. The information obtained from the anal- 
ysis was used for computing all other parameters, and 
no other smoothing technic was employed. The Fourier 
coefficients and phase angles, the impedance and power 
spectrum values, and other key parameters (e.g., pres- 
sure and flow, resistance values, cardiac output, etc.) 
were then printed. This information was also transferred 
to a statistical retrieval disk and master patient file disk. 


External Work and Impedance 


Among the parameters studied, special mention should 
be made of the external work of the heart and a new 
measure of impedance, which is called the effective im- 
pedance (modulus and phase). The external work of the 
heart was determined by first selecting a “window” of 
n heart beats whose length is the period of observation, r. 
Then a Fourier analysis of 10n harmonics was performed 
upon pressure and flow wave forms, giving: 


* Computer Hardware, Inc., Sacramento, California. 
+ Tektronix, Inc., Seattle, Washington. 
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P = P, + >> Pisin kwt + à) (1) 
k=l 
10n 

Q = Q + 2, Q,Gin kwt + V) Q) 
k=l 


P = pressure 

P, = mean pressure 

P, = amplitude of Kth pressure harmonic 
$, = phase of Kth pressure harmonic - 

Q = flow 

Qo = mean flow 

Q, = amplitude of Kth flow harmonic 

Y, = phase of Kth flow harmonic ` 


The average power, then, was 


1 10n 
W = PQo + 2 2; P9. cos (pe — Fa) (3) 
The external work per minute was then 


EW = 60W 

This was computed separately for each ventricle. It 
should be noted that this is an approximate measure of 
external work since it does not include kinetic energy, 
considered negligible under these conditions. 

The effective impedance is a new paramenter which 
represents the overall opposition to flow under pulsatile 
conditions [1]. 

The modulus of the effective impedance is: 


P’ a) 
BU 


[Poa 


( [ pP at) ( [ i 9 a) 


when 7 represents the period of observation. 


(4) 


The phase 9 is 





(5) 


O = are cos 


Results 


Values for pulmonary and systemic blood flow, mean 
pressure, end resistance before and after defect closure 
are listed in Table 2. Pulmonary blood flow decreased in 
each patient, and the average value fell from 3.7 liters 
per minute to 2.4 liters per minute following closure 
(p < 0.002). There was no significant difference in 
systemic flow: 1.9 liters per minute before closure and 
2.4 liters per minute after closure (p < 0.3). Pulmonary 
blood flow was significantly greater than aortic flow be- 
fore closure (p < 0.02) and essentially the same after 
closure. The average value for the mean pulmonary 
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TABLE 2. Operative Findings before and after Defect Closure 





SVR, 
































Qp Qs Pm Sm PVR, APVR, 
(L/min) (L/min) (mm Hg) (mm Hg) fdyne-sec-cm~*)  (dyne-sec-cm7*) — (dyne-sec-cm"t 
we Patient — — r 
No. Before After Before After Before After Before After Before After Before After Before After 
1 1.8 0.8 0.8 1.0 15 8 65 59 660 753 335 248 6282 4711 
2 6.5 3.9 2.5 4.0 18 16 68 75 222 334 97 136 2188 1472 
3 1.7 0.4 1.0 0.8 17 14 76 96 787 2697 477 1649 6188 9503 
4 1.1 0.5 0.8 1.3 19 14 73 70 1339 2259 845 1592 7467 4177 
5 9.9 7.4 3.2 5.9 14 15 56 60 111 166 95 66 1396 803 
6 1.4 1.0 0.7 0.9 17 11 72 71 1008 873 495 592 7713 5063 
7 1.4 0.4 0.5 0.7 21 25 66 48 1204 4870 296 2369 11358 5479 
8 1.0 0.5 0.5 0.9 15 12 44 56 1143 1779 850 1212 7115 5099 
9 1.3 0.8 0.9 0.9 20 12 63 83 1172 1167 408 267 5540 7077 
10 10.8 8.4 8.2 7.0 11 14 36 72 84 137 24 56 345 825 
Mean 3.7 2.4 1.9 2.4 17 14 62 69 773 1503 392 819 5559 4511 
pt< 0.002 0.3 0.2 0.2 0.09 0.09 0.3 


Pa 











Qp = pulmonary blood flow; Qs = systemic blood flow; Pm = 


pulmonary artery mean pressure; Sm = aortic mean pressure; PVR, = 


pulmonary vascular input resistance calculated using mean PA pressure; APVR, = pulmonary vascular resistance; p* = paired “t” test- 


2 tailed 


artery pressure fell from 17 to 14 mm. Hg. The average 
value for mean aortic pressure rose from 62 to 69 mm. Hg. 
Neither mean pressure change is statistically significant. 
Pulmonary vascular resistance calculated from mean pul- 
monary artery pressure and flow rose from 773 dyne-sec/ 
cm? before closure to 1503 dyne-sec/cm? following closure 
(p < 0.09). Calculation of pulmonary vascular resistance 
using differential pulmonary vascular pressure results in 
somewhat lower values, but no other significant differ- 
ence. The systemic resistance fell from 5559 dyne-sec/ 
em? to 4511 dyne-sec/cm®, but this too was not statisti- 
cally significant (p < 0.3). 

Although the mean aortic and pulmonary artery pres- 
sures did not change significantly, there is a dramatic 
change in the shape of most pressure curves. This is 
reflected in the systolic and diastolic pressure values 
listed in Tables 3 and 4. 

In the systemic system, the peak systolic pressure rose 


from 74 to 95 mm. Hg. (p < 0.05), raising with it th 
mean systolic pressure from 66 to 78 (p < 0.05). Th 
diastolic pressure was not subject to such a marke 
change. Low diastolic pressure decreased from 50 to 4 
mm. Hg. (p < 0.06) and the mean diastolic pressure in 
creased from 57 to 59 mm. Hg. (p < 0.8). The ne 
effect is a doubling of the pulse pressure from 24 to 4 
mm. Hg. (p < 0.05). 

A trend in the opposite direction, though not statis 
tically significant, was noted in the pulmonary pressur 
curves. The peak systolic pressure decreased from 2 
to 21 mm. Hg (p < 0.2; however, some decrease wa 
noted in nine of the ten patients) while the mea 
systolic pressure decreased from 19 to 17 mm. Hg (; 
< 0.2). Low diastolic pressure was unchanged at 9 mr 
Hg and mean diastolic pressure decreased from 13 to 1. 
mm. Hg. (p < 0.3). The pulse pressure fell from 16 t 
13 mm. Hg (p € 0.3). 


TABLE 3. Pulsatile Pressures Systemic Circulation 























PSP MSP LDP MDP PP 
Patient (mm. Hg) (mm. Hg) (mm. Hg) (mm. Hg) (mm. Hg) 
no. Before After Before After Before After Before After Before After 

1 75 107 68 74 58 34 61 43 17 73 

2 86 89 71 77 53 §5 64 73 33 34 

3 87 114 80 105 66 58 73 88 21 56 

4 88 79 79 72 55 58 68 67 33 22 

5 66 75 60 67 40 45 53 53 26 30 

6 87 85 77 73 60 55 65 69 28 30 

7 72 76 67 62 60 30 64 37 13 46 

8 63 92 54 73 23 32 34 41 40 60 

9 70 146 64 104 60 45 61 54 i1 102 

10 48 87 38 TI 27 58 31 65 20 29 

Mean 74 95 66 78 50 47 57 59 24 48 
p< 0.05 0.05 0.6 0.8 0.05 





PSP = peak systolic pressure; MSP = mean systolic pressure; LDP = low diastolic pressure; MDP = mean diastolic pressure; PP = 


pulse pressure; p* = paired “t” test—2 tailed 
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TABLE 4. Pulsatile Pressures Pulmonary Circulation 
f _ PSP MSP LDP MDP PP 
Patient (mm. Hg) (mm., Hg) (mm. Hg) (mm. Hg) (mm. Hg) 
no. Before After Before After Before Aíter Before After Before After 
1 21 10 17 8 9 5 12 7 12 5 
2 25 23 20 19 12 11 15 13 13 12 
3 25 19 21 16 6 10 11 13 19 9 
4 23 18 20 14 16 12 18 14 8 6 
5 22 21 17 17 5 10 10 14 17 11 
6 28 16 20 13 7 7 13 9 21 9 
7 29 42 23 32 13 13 20 18 15 29 
8 30 26 19 16 7 4 10 8 23 23 
9 23 19 20 14 16 7 17 9 8 12 
10 23 20 14 16 -1 10 8 12 24 10 
Mean 25 21 19 17 9 9 13 12 16 13 
p*« 0.2 0.2 0.9 0.3 0.3 











PSP = peak systolic pressure; MSP = mean systolic pressure; LDP = low diastolic pressure; MDP = mean diastolic pressure; PP = 


pulse pressure; p* = paired “t” test—2 tailed 


Table 5 lists values for effective input impedance 
(modulus and phase) before and after defect closure. 
The average value for effective impedance faced by the 
right heart rose from 570 dyne-sec/cm5 before closure 
to 901 dyne-sec/cm? following closure (p < 0.2). Sys- 
temic values also failed to show a statistically significant 
change (3461 vs. 3072 dyne-sec/cm5; p X 0.6). There 
was, however, a significant change in the phase relation- 
ship between pressure and flow in both the systemic 
and pulmonary vascular beds. The average phase angle 
in the pulmonary circuit changed from —0.61 radians 
before closure to —0.76 radians after closure (p < 0.02). 
The change in the systemic vascular bed was in the op- 
posite direction: —0.80 radians before closure to —0.70 
after (p < 0.05). 

Values for the external work of the heart per minute— 
or power transferred to the two vascular networks—are 
listed in Table 6. These values are recorded before and 


after defect closure for the right and left heart. The 
total external work of the heart is the sum of those two 
values. There was a consistent decrease in the external 
work of the right heart; the average fell from 9.3 joules 
per minute to 6.0 joules per minute (p < 0.0005). The 
average value for external work of the left heart rose 
significantly from 15.0 to 25.0 joules per minute (p < 
0.02) after defect closure. There was a less consistent 
change in the individual values for the total external 
work per minute, so that the increase in average value 
from 24.2 to 31.0 joules per minute was not statistically 
significant (p < 0.08). 

Heart rate while recording pulmonary data averaged 
120 beats per minute before and 126 beats per minute 
after closure (p < 0.3). While recording systemic data 
before and after closure, the heart rate averaged 124 
and 125 beats per minute respectively. 


TABLE 5, Effective Impedance before and ajter Defect Closure 




















Patient (dyne-sec-cm^*) (radians) (dyne-sec-cm75) (radians) 
No. : 
Before After Before After Before After Before After 
1 498 447 —.62 —.85 3965 3496 —.84 —.57 
2 168 222 —.61 —.72 1435 1020 — ,80 —.77 
3 603 1247 42 —.96 3910 5984 —.83 —.16 
4 976 1521 —.69. —.85 3928 2597 —.91 —.87 
5 72 94 A —.84 825 530 — 86 e 
6 732 606 25.64 — 64 5419 4274 —.69 —.16 
7 915 3034 —.67 — 66 7281 3651 — 183 — 59 
8 777 898 —.53 —.69 3791 3268 af — 58 
9 890 847 —.61 —.61 3823 5424 —.78 — 40 
10 65 89 2.51 —.68 225 479 zx Tf —.83 
Mean 570 901 —.61 —.76 3461 3072 — .80 —.70 
pr < 0.2 0.02 0.6 0.05 





Pin = pulmonary effective impedance modulus; Py = ‘phase angle pulmonary vasculature; 5,2) 


= systemic effective impedance modulus; 


Se = phase angle systemic vasculature; p* = paired “t” test—2 tailed 
l 


l 
1 
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Discussion 


Physiological data obtained at the operating table 
undoubtedly contain artifacts not seen under the more 
basal conditions of the catheterization laboratory. On the 
other hand, direct measurement of pulsatile pressure 
and flow may compensate for the possible inaccuracies 
of the intraoperative measurement. 

Another source of possible error in data may be the 
fact that atrial and ventricular septal defects are lumped 
together for analysis, whereas the clinical course and 
hemodynamic findings are often different (indeed, much 
of the impetus for this line of investigation is derived 
from a desire to identify factors responsible for these 
differences). However, inspection of the data presented 
in Tables 1-6 reveals a striking similiarity in both groups 
of patients, The only separation of the two groups is 
seen in the pulmonary impedance phase angle change 
following defect closure. Although the direction of 
change is the same for both groups, the magnitude of 
change is less in patients with ventricular septal defect, 
suggesting that the pulmonary vasculature has been af- 
fected differently by the two lesions. Statistical analysis 
of either group of patients alone does not significantly 
alter the results presented above, nor the interpretation 
of those results. It may be that more extensive and/or 
sophisticated analysis of these data will uncover signifi- 
cant differences between the two groups. 

It was surprising to find that the sum total of energy 
delivered to the vasculature by the heart, or the total 
external work of the heart, was essentially unchanged 
immediately following septal defect closure. The ex- 
pected decrease in the external work of the right heart 
was accompanied by an unexpected increase in the 
energy delivered to the systemic vasculature. The unex- 
pected nature of this finding coupled with the fact that 
there was no significant change in systemic blood flow, 
mean blood pressure, or vascular resistance creates an 
intriguing and puzzling situation. 

Having previously observed that significant error may 
result from analysis of a pulsatile vascular system utiliz- 
ing non-pulsatile or mean values,’ these data were anal- 
yzed in terms of pulsatile parameters; i.e., systolic and 
diastolic blood pressures and effective impedance. A 
dramatic change was noted in the shape of the systemic 
pressure curves resulting from an increased systolic pres- 
sure, probably accounting for much of the increased 
work of the left ventricle. This might be expected to oc- 
cur as a result of an increased volume of blood being 
ejected into the rather rigid aorta; however, this rise 
was also noted in those individuals (patients 3, 9, and 
10) who had no increase in stroke volume, indicating 
that the reason for this response is more complex. The 
relative stability of the mean and diastolic pressures and 
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TABLE 6. External Work Measurements at Operation 
































TEWR TEWL TEW 

(Joules/min) (Joules/min) (Joules/min) 
Patient 

no. Before After Before After Before After 
1 4.1 1.0 7.5 10.4 11.7 11.4 
2 17.6 10.1 24.3 42.1 40.1 52.2 
3 5.1 1.0 10.8 12.0 15.9 13.1 
4 3.0 9 8.9 12.9 12.0 13.8 
5 24.0 19.2 26.7 55.0 50.7 74.2 
6 3.9 1.9 8.0 9.3 11.9 11.2 
7 4.2 2.0 4.2 6.2 8.4 8.2 
8 3.1 1.7 4.3 9.8 7.4 11.5 
9 3.7 1.6 7.9 14.4 11.5 16.0 
10 23.6 20.0 47.0 71.9 70.6 97.9 
Mean 9.3 6.0 15.0 25.0 24.2 31.0 

pt < 0.0005 0.02 0.08 
TEWR = total external work, right heart; TEWL = toti 


external work, left heart; TEW = sum of TEWR and TEWL 
p* = paired "t" test—2 tailed 


peripheral resistance suggests that a generalized vaso 
construction of the peripheral vessels is not responsibl 
for this finding. Various parameters indicative of th 
shape of the pulsatile flow curves presently under investi 
gation (peak flow, rise time, peak acceleration, etc. 
may lead to a clearer understanding of the respons 
observed here, but, so far, no statistical trends have bee: 
observed. 

Another contributor to the increased work of the lef 
ventricle can be found by analysis of the impedanc 
changes in the systemic circulation. The modulus o 
impedance (equation 4) is, in general terms, related t 
pressure values divided by flow values, and is thereb 
significantly affected by resistance changes. Since th 
peripheral resistance was found to be relatively stable 
it was not surprising that there was no statistically sig 
nificant change in the modulus of impedance. On th 
other hand, the phase relationship between pressure an: 
flow was found to be significantly different followin, 
defect closure. From equation number three, one ca: 
see that changing the phase angle will also alter th 
power produced. By artificially altering the phase rela 
tionship of any of these pressure and flow curves on th 
computer, the computed power may be altered, just a 
was seen in the pulmonary or systemic vascular circuit: 
As the phase angle approaches 0° (pressure and flo 
"jn phase"), the power increased, as in the systemi 
circulation. As the phase angle increased (pressure ani 
flow more "out of phase"), the power decreased, as see: 
in the pulmonary circulation. 

In an effort to explain these findings, the followin; 
hypothesis is proposed. The external work of the hear 
may be regarded as equivalent to the energy delivere: 
by the heart to the systemic and pulmonary vasculature 
In the steady state, this energy must be equal to th 
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energy dissipated as heat in the blood vessels.' From an 
engineering standpoint, it would seem desirable that the 
energy delivered by the heart be the maximum that is 
hemodynamically obtainable for given pressure and flow 
wave forms. 

In equation 5, Benson has shown that the denominator 
on the right hand side is the maximum energy that could 
be delivered by the given pressure and flow wave forms, 
while the numerator measures the energy actually de- 
livered. As this ratio approaches unity corresponding to 
a phase angle of zero degrees (arc cos l = 0), the 
energy actually delivered approaches maximum. There- 
fore, the increase in power delivered to the systemic 
vascular network following defect closure makes it ap- 
pear that the work of the heart has been adversely af- 
fected. In actuality, it may be that closing a septal defect 
may result in better "impedance matching," so that energy 
delivered by the left heart approaches the maximum 
that is hemodynamically obtainable for given systemic 
blood pressure and flow wave forms. 

The fact that the phase angle and energy changes were 
in an opposite direction in the pulmonary circuit is not 
incompatible with this hypothesis, when one considers 
that in the presence of a left to right shunt, there was a 
significant stress on the right heart and pulmonary 
vasculature. To deal with this stress, the circuit had 
already adapted to a more optimum configuration, with 
an average phase angle of —.60 radians. After defect 
closure and the removal of this stress, the system can 
"afford" to operate in a less than optimum range. 

If this viewpoint is correct, the effective phase angle 
as suggested by Benson would appear to be a sensitive 
indicator of the efficiency of matching between the heart 
and the vascular bed it serves. This could be especially 
helpful in evaluating a patient with an atrial or ven- 
tricular septal defect and advanced pulmonary disease or 
heart failure. Also, it may be particularly useful in test- 
ing the effectiveness of cardiac-assist devices, since all 
such systems are designed to maximize the energy de- 
livered to the systemic vascular bed while minimizing the 
myocardial energy consumption. It is apparent that more 
work must be done relating this measure of. “external 
efficiency" of the circulation to "internal efficiency" of 
the heart or myocardial metabolism. 

Finally, these results reinforce our previous conclu- 
sion,’ that pulsatile parameters should be used in analyz- 
ing circulation dynamics. Mean blood pressure, blood 
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flow, and resistance values in most instances failed to 
elucidate the striking hemodynamic changes that were 
occurring in these patients. The shape of the pressure 
curves and the phase relationship between pressure and 
flow are obviously completely overlooked if only mean 
values are utilized. Hopefully, as our understanding and 
technology become more sophisticated, we will be able 
to apply these principles to a wider range of studies. 


Summary 


Intraoperative pressure and flow studies have been 
carried out in ten children with intracardiac left to right 
shunts (five with ASD and five with VSD), before and 
after closure of their defects. Hemodynamic changes 
described in terms of the external work of the heart were 
found to be primarily the result of changes in the con- 
figuration of the pressure wave forms and the phase re- 
lationship of blood pressure and blood flow. It is postu- 
lated that closure of an intracardiac left to right shunt 
may result in better "impedance matching," so that the 
energy delivered by the left heart to the systemic circu- 
lation approached the maximum that is hemodynamically 
obtainable for given blood pressure and flow wave forms. 
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Discussion 


Dr. Jonn W. Kekin (Birmingham): I certainly enjoyed this 
superb study by Dr. Wilcox and his colleagues; their paper is such 
a detailed and important one that I believe its full understanding 


can only come irom careful and detailed study. A few comments 
and questions might be pertinent. 

Their data fit nicely with a fundamental idea; namely, that it is 
naive to speak of heart failure, or work of the heart, or efficiency 
of the heart, Instead, we must always understand and realize that 
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there is a separateness to right and left ventricular performance. 
Thus the important message in their work is not the effect of 
septal defect closure on the overall work of the heart, but rather 
on the individual, separate work of the right ventricle and that of 
the left ventricle. 

When one habitually thinks in terms of the separateness of 


. function of the two ventricles, their results support conclusions that 


one would reach, I think, in general, on theoretic grounds. 

I would like to ask three questions. First, since we can control 
the systemic blood flow immediately after repair by altering 
atrial pressures, were the atrial pressures, and thus the ventricular 
end diastolic pressures similar at the observations immediately 
before repair and those immediately after repair? 

Secondly, perhaps the phase angle relations in the systemic 
circulation pre-repair are, in fact, a reserve mechanism of the 
system which results in a greater systemic blood flow and more 
appropriate distribution of blood flow than would otherwise be 
the case in patients with septal defect. Is, then, the postoperative 
situation a more normal one than the preoperative? 

Are the immediate post-repair patterns ones that persist late post- 
operatively, or are they a transient response to repair? 

Finally, our present idea is that individual ventricular perfor- 
mance is determined by ventricular size and mass and the nor- 
malized values for preload, afterload, and contractility. T would 
inquire of Dr. Wilcox how these mezsurements relate back to the 
basic determinants of ventricular performance, particularly after- 
load? 


Dn. Perens (San Diego): It is very important that these studies 
have been continued. Dr. Kirklin has just discussed the question 
of whether these measurements directly determine the work of the 
separate chambers of the heart. I am sure Dr. Wilcox would point 
out that he has actually studied work done on the pulmonary and 
systemic circulation. In patients with ventricular septal defects, 
when the shunt is open, part of the work measured as work done 
by the right ventricle is: actually, of course, being done by the 
left ventricle. In patients with an atrial septal defect, of course, 
all the work is produced by the right ventricle. l 

These studies illustrate that to disregard that the fact that the 
heart is a phasic pump, pumping into an elastic circulation, will 
create serious errors. It is inherently wrong to use mean fow and 
pressure to calculate “resistance.” The impedances of a vasculature 
bed and: the work required to push blood through it requires 
analysis of phasic qualities of the flow-pressure waves. In phasic 
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blood flow, the inertia of the blood and the elasticity of the vessel 
walls markedly alter the impedance that the heart must pum 
blood against. The impedance in such a system is dependent noi 
only on the absolute value of the resistance, compliance anc 
inertance, but also on the frequency of the pulse. 

Simple teleological thinking would make one expect that de. 
crease in blood flow with closure of the left-to-right shunt would 
decrease the work of the heart. I think, as Dr. Kirklin and Dr 
Wilcox have pointed out, that is not necessarily true. One 
would expect that adaptation of the systemic and the pulmonary 
circulation would occur to minimize the shunt, and this mighi 
require that the work of the heart increase. 

The authors have showed us that, despite a fall in resistance, 
true work can go up. It is, therefore, essential that more studie: 
be made of phasic flow on patients with abnormal circulation. Witt 
the ready availability of intravascular, electromagnetic flow probes. 
studies such as this may permit us to make preoperative studie: 
to provide better prognostic prediction of the benefits of the closure 
of defects in patients with pulmonary hypertension. Perhaps they 
also might give us better understanding of the effects of systemic 
hypertension, and even in patients with coronary artery disease 
such phasic studies might give us a better way of predicting suc- 
cess of coronary artery transplants. 

Dr. Wilcox is to be congratulated on these very interesting 
studies, and I hope that he will pursue them further, because 
definitions of this kind of the circulation will add to our funda- 
mental knowledge of its pathophysiology. 


Dn. Benson R. Wricox (Closing): Dr. Peters’ comment abou! 
the work of the right heart—in quotes—in ventricular septal de- 
fect is absolutely true, of course. The surprising thing to us, though, 
was that the atrial septal defect patients behave in a very similar 
fashion. I do not totally understand this myself at this time. 

There is little quesion in my mind Dr. Kirklin, that this is a 
reserve or an adaptive mechanism. Unfortunately, we have no long- 
term studies, because of the difficulty of acquiring this type ol 
data. As soon as we have a reliable closed method for measuring 
pulsatile blood flow, then perhaps we can get at some of these 
answers, 

As far as relating this type of analysis to the internal efficiency 
of the heart in terms of myocardial metabolism, ejection fraction, 
afterload, and so forth, we certainly hope to do this in the future, 
but have not done it as yet. 


An Implantable Nuclear-Fueled Circulatory Support System: 


l. Systems Analysis of Conception, Design, Fabrication and Initial In Vivo Testing 


JOHN C. NORMAN, M.D.,* FAROUK A. MOLOKHIA, M.D.,** 
LOWELL T. HARMISON, Ph.D.,*** ROBERT L. WHALEN, B.S.,t 


HE DEVELOPMENT OF a totally implantable nuclear- 
Taco circulatory support system could be of con- 
siderable value in the management of certain patients 
with severe myocardial disease.5 Such developments are 
prime examples of mission-oriented research which 
present a series of complex multidisciplinary prob- 
lems.1?292* Each must be solved simultaneously within 
severe weight and volume constraints. Each requires 
the development of new technologies. Each involves 
a multiplicity of parallel approaches, some rewarding 
and some unrewarding. The integration of biologic and 
physical disciplines which, traditionally; have not been 
interfaced is a sine qua non. A further prerequisite 
is continuing cooperation and interaction between fed- 
eral, industrial and ‘university interests. Very early it 
became apparent that the problems (vide infra) pre- 
sented by such anticipated goals were [and are] of 
such magnitude that they could not be solved by a single 
agency, industry or laboratory. In addition,‘ the usual 
step-by-step time-sequence approach for the develop- 
ment of such systems is essentially untenable. As a result 
of these considerations, we have employed a modified 
systems analysis and development approach in which 
all subsystems are considered concurrently. Conceptual 
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design, development and in vivo testing are achieved 
by the coordinated efforts of many individuals, gis- 
ciplines and investigators (c.f. acknowledgments), Our 
laboratories have been involved in these investigations 
for 8 years.” 

A flow chart of our involvement in these studies is 





* The results of these efforts, thus far, are available through the 
Medical Devices Applications Program, National Heart and Lung 
Institute, Building 31, Room 5A-03, Bethesda, Maryland 20014. 
Reports TE 66-67, 25-68, 199-68, 107-69, 12-70, 130-70, 5-71, 
158-71 and 122-71 are of interest. Proposals 21-70 and 33-70 are 
relatively comprehensive. Reports 97-69, 106-69, 117-70, 118-71, 
67-71, 150-71, 3-70, 6-72 and 26-72 are current. Specification 
70-71 is of particular interest. In all, more than 57 individual 
documents from our laboratories are available through the National 
Technical Information Service, U.S. Department of Commerce, 
Springfield, Virginia 22151. These reports describé in detail a 
continuing series of investigations that have been undertaken to 
focus on specific relevant problems and to evolve workable solu- 
tions. In brief, these include 1) the development of a compact, 
totally implantable blood pump which propels the blood efficiently 
without thrombosis or damage 1$; 2) the development of an im- 
plantable nuclear engine compatible with the pump 11; 3) the 
development cf methods to dissipate excess heat from the en- 
gine"; 4) the development of methods to couple efficiently the 
engine and the pump; 5) the development of an anticipated 
long-term (10 years) data base regarding the in vivo effects of 
prolonged. intra corporeal irradiation 99; 6) the development of 
nuclear handling technology,?¢ and 7) most recently, (this report) 
the start-up procedures of a prototype nuclear-fueled circulatory 
support system with the necessary implantation technics and 
initial in vivo testing. 
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shown in Figure 1. The concept of utilizing the cir- 
culating blood as a heat-transfer medium and the entire 
body surface area as an extended form of heat exchanger 
has been shown to be feasible.^111525 The results of 
these stidies of the effects of intracorporeal radiation 
of the order of magnitude associated with our nuclear- 
fueled circulatory support system have also been in- 
vestigated.?5.27,2829 Thus far, in those animals sacrificed, 
the effects of radiation have been confined to tissues 
immediately surrounding the sources, and a nuclear 
source-bearing primate colony has been established for 
current and future observations.” 1515,26 

The blood punip[s] development has spanned nearly 
as long a period of time. These continuing results have 





* Chromosomal analyses involving dogs and primates have been 
undertaken to determine the possibility of any adverse genetic 
effects from the implantation of nuclear-power sources. Higli 
energy sources equivalent in radioactivity and proportionate in 
size and configuration to projected drive systems have been im- 
planted retroperitoneally in primates. The Americium/Beryllium- 
Stontium capsules are equivalent in radioactivity to 50-thermal 
watt (1600 curie) Plutonium 238 power sources. Serial samples 
of peripheral lymphocytes were [and are being] cultured for karyo- 
typing and chromosomal morphology over extended periods, and 
continuing. Abnormalities noted early in the study were chromoso- 
mal gaps, breaks, rings, fragmentation, and chromatid gaps. More 
recently, these animals have exhibited normal chromosomal mor- 
phology. These results are comparable to those obtained in parallel 
studies involving dogs with 16- and 24-watt Pu-238 and 24-watt 
radiation equivalent sources implanted for periods up to 5 years. 
These results which, thus far, span 36 in vivo animal-years sug- 
gest that intracorporeal ionizing radiation of the order of magni- 
tude necessitated by implantable nuclear powered circulatory 
assist devices does not affect chromosomal morphology as moni- 
tored by these methods, 


also been reported.* 29151555 Prolonged analyses of 
lymphocyte chromosomal morphology in animals bear- 
ing nuclear fuel capsules have also been recently re- 
ported; these studies are also continuing.!*1e 

The vapor cycle engine development began with 
feasibility studies of thermal energy storage and vacuum 
foil insulation.*!57? Our initial studies of rotary}? and 
linear? steam engines have culminated in the develop- 
ment and ín vivo testing of a valveless vapor cycle 
engine.?^ Much of the development of the Tidal Re- 
generator Engine has not been reported, and it is rea- 
sonable to focus on this subsystem within the overall 
system in this report. More detailed reports of physio- 
logic observations following implantation and ín vivo 
testing are in preparation. 

An elementary block diagram of the vapor cycle cir- 
culatory support system is shown in Figure 2. In brief, 
a small fraction (circa 4%) of the radioisotope decay 
heat from a 52 thermal watt Plutonium-238 (Pu-238) 
fuel capsule is converted into hydraulic power for driv- 
ing the Model VIII Left Ventricular Assist Pump by 
means of this unique implantable steam engine. This 
miniature steam engine weighs 24 ounces, and is elec- 
tronically controlled. from signals from the pumping 
chamber of the assist blood pump which are processed 
by a miniature logic unit. The electrical power for the 
logic unit is supplied by a thermoelectric module based 





* A major portion of this effort has been MCA by The 
Surgical Research Laboratory of Children's Hospital Medical Cen- 
ter, Boston. 
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Fic. 2, Block diagram 
Showing the major com- 
ponents of the current 
nuclear circulatory assist 
system. 
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on the Seeback effect (Table I).5?! The latter module 
is integrated into the Tidal Regenerator Engine. The 
assist pump accepts the available cardiac output from 
the left ventricle at low pressure (~30-40 mm Hg) 
and ejects it into the systemic circulation via the de- 
scending thoracic aorta at 120-130 mm. Hg. When prop- 
erly counterpulsed with the biologic heart, the assist 
pump can assume a major function of left ventricular 
work. 

The production sequence of Plutonium-238 is shown 
in Figure 3. Pu-238 has been selected as the radioisotope 
fuel because of its long half-life (89.0 years), reasonable 
power density (3.5 watts/ml.), low radiation output, 
ready availablity and established containment tech- 
nology. In all probability, the present cost (approxi- 
mately $1,000/Gm.) can be significantly reduced as 
power reactors assume their projected share of the elec- 
tric power industry 3:22 

The 52-watt Pu-238 fuel capsule shown in Figure 4 
is 128 inches in diameter and 2.00 inches in length. 
The capsule temperature is approximately 1000°F. Ap- 
proximately 120 Gm. of Pu-238 oxide fuel are triply 
encapsulated in Tantalum, T-111 and Platinum-20% 
Rhodium. This capsule is designed to withstand corro- 
sion, high impact, crush pressures, cremation and the 
maximum credible accident temperature of 2400°F. 
Pu-238 is primarily an emitter of alpha particles which 
have high energy but low penetration. The source also 
emits more penetrating gamma and neutron radiation. 
The specifications are shown in Table 2. 

The Tidal Regenerator Engine is block diagrammed 
in Figure 5. This unit is a vapor cycle analog of the 
regenerative gas cycle engine which combines the ad- 
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Fic. 3. Sequence of Plutonium-238 production. We have chosen 
Plutonium-238 as the fuel because of its low radiation, high power 
density, long half-life (89.0 years), established containment tech- 
nology, and increasing availability. 


Sis 
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vantages of the Rankine engine with those of the 
Stirling engine. It is a thérmodynamic machine in which 
heat is converted to work by means of a cyclic process 
in which the working fluid is vaporized and condensed. 
The familiar steam engine is an example of a vapor 
cycle engine. The recently evolved Tidal Regenerator 
Engine lias components in common with both the 
Rankine engine (ie. boiler, superheater, and con- 
denser) and the Stirling (ie.  displacer piston, power 
piston and vapor regenerator as well as unique com- 
ponents, e.g., tidal regenerator and interface piston). 

The major virtue is its mechanical simplicity. The 
few moving parts of this electronically controlled sys- 
tem operate in a pressure-balanced configuration at low 
speed in a moderate temperature environment. This 
system contains no valves or sliding seals. 

The Tidal Regenerator Engine pressurization (typ- 
ically 5-160 psia) is controlled by a displacer piston 
coupled to an electromechanical actuator. Only a single 





TABLE 1. Radioisotope Power Generators^ 
. Power Size* Weight Isotope’s Generator 
Designation Use (Watts) (Inches) (Pounds) Isotope Half-life Life 

SNAP-3A Satellite power 2.7 4-3/4 X 5-1/2 4.6 Plutonium-238 89.0 years 10 years 
SNAP-9A Satellite power 25 ~ 20 X 9-1/2 27 Plutonium-238 89.0 years 5 years 
SNAP-11 Moon probe 21-25 20 x 12 30 Curium-242 162 days 90 days 
SNAP-27 Lunar landings 60 18 X 18 30 Plutonium-238 89.0 years 5 years 
NHLI-AEC-HMSt ] 16 3x4 1.0 Plutonium-238 89.0 years 3-5 years 
NHLI-AEC-HMSt Nuclear fueled circula- 

tory support systems 

prototypes 25 3X4 1.0 Plutonium-238 89.0 years 3-5 years 
NHLI-HMSt 52 4x8 4.0 Plutonium-238 89.0 years 5 years 





* Diameter times height 
t Harvard Medical School 
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Fic. 4. Insertion of Plutonium-238 capsule in the engine system 
to provide thermal energy storage anr coupling to the tidal 
regenerator engine, just prior to in vivo testing. 


drop of water need be displaced to control the engine 


pressure. The electrical power for the sensor, electronic . 


logic and electromechanical actuator is provided by 
a thermoelectric module which is interposed between 
the superheater and boiler. 

The electronic logic subsystem terminates pressuriza- 
tion by actuating the electromechanical converter on 
the "end-of-eject" signal from a Hall displacement sensor 
mounted on the pump. Engine pressurization is triggered 
by the derivative fill signal with an appropriate delay. 
In the event that either or both the fill and eject signals 
are lost, an internal timer cycles the assist system at 
a fixed rate. 

Engine efficiencies of 7.5% have been achieved at 90 
beats per minute with a stroke volume of 100 ml, against 
a mock loop pressure of 180 mm. Hg. 

The engine is directly coupled to the Model VIII left 
ventricular assist pump which has been recently re- 
ported in detail. In addition to its primary functions as 
a pump, the assist device acts as a blood-cooled heat 
exchanger, pressure-volume transformer and sensor for 
the electronic logic. The control system automatically 


TABLE 2. Capsule Specifications 





Five year safe life 
1.28 inch diameter, 2 inch length 
1.00 pound (complete capsule) 
Fuel Composition: 

Pu-238 (86%) 

Pu-236 (0.4 ppm) 

Converted to 0-16 oxide 
Qualification Tests: 


Containment 2640 psi at 2310°F for 4 hours (in contact with 
sodium-lithium fluorice thermal storage salt and 
air). 

Impact 120 ft-lb. 

Puncture 44 fps into 1/8 inch diameter pin 

Shear 10,000 1b for 1 hour 

Crush 20,000 Ib for 1 hour 

Radiation Predicted Measured 

Surface | 2200 mrem/hr 2740 mrem/hr 

One meter 0.7 mrem/hr 0.6 mrem/hr 

Heat output 50 watts 52 + 0.1 watts 
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Fic. 5. Tidal regenerator 
engine cycle. The engine 
operation is controlled by 
electromechanical actua- 
tion, the rate cf which is 
determined by pump fill- 
ing and ejection condi- 
tions, 


— INTERFACE, 
— PISTON 
DISPLACER. 
PISTON 
varon 
REGENERATO 


CONDENSER 
LIQUID | 
—— 


counterpulses regardless of the intrinsic rate or strok 
volume of the biologic heart. 

A block diagram of the Model VIII advanced lef 
ventricular assist device compatible with a nuclear fue 
source is shown in Figure 6. The pump is designe 
to accept blood from the left ventricular apex and ejec 
into the descending thoracic aorta. Current pump blad 
der units are made from Dacron-reinforced Silastic 
ultimately they will be fabricated from polyurethane 
The upper surface of the bladder rolls under the actio 
of a metal pusher plate attached to the drive mechanisn 
The inlet and outlet valves are fabricated from reir 
forced Silastic, and are of tricuspid leaflet design. Th 
entire surface which contacts the blood is "flocked" wit 
Dacron fibrils (0.001 inch diameter, 0.010 inch long 
to promote the growth of a blood compatible autologou 
lining? 

The pump bladder is clamped in a stainless ste 
housing to a heat exchanger plenum. The drive flui 
circulates through the plenum, transferring heat re 
jected from the engine module to the blood. Utilizatio 
of the pump chamber as a blood-cooled heat exchange 
eliminates the need for a separate heat exchange 
module. The plenum chamber is insulated with closec 
cell polyurethane foam to maintain the prosthesis surfac 
temperature below 43°C. 

The drive mechanism employs a Bellofram rollin 
diaphragm as an absolute seal. Mechanically couplin 
the drive mechanism to the pusher plate permits th 
displaced volume and swept area of the plate to be use 
as an integral pressure volume transformer. The pum 
is directly actuated by high pressure (7.7 x 10? mm 
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Fic. 6. Left ventricular assist pump functional diagram showi 
hydraulic, hemodynamic, electrical and thermal flows. 
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Thermoelectric 
Converter 


* 
Hydraulic Output + Heat 
3 mi/ Stroke af 100 psi 


Hg) at low flow (~2 cc/stroke). This permits the 
hydraulic driveline to be small in diameter (1/4 inch), 
an important consideration since the latter penetrates 
the diaphragm. 

A Hall effect sensor ** (0.1 inch square x 0.04 inch 
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BLOOD PUMPING 
100 mi/ Stroke 


Pump Actuator 
(Press. Vol. Transformer) 


Fic. 7. Modular concep- 
tion of vapor cycle cir- 
culatory assist system. 
The engine module is sus- 
pae retroperitoneally 
om the left psoas tendon 
and is coupled via hy- 
draulic and electrical 
lines to the blood pump 
positioned above the left 
hemidiaphragm. 


Hall Effect 
Sensor 


BLOOD PUMP 


thick) is mounted on the pump actuator plate. It is 
excited by a small permanent magnet mounted on the 
pusher plate. 

The output of the sensor is a voltage (Vu) pro- 
portioned to the Hall constant (Ky), the magnetic flux 
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AS 
Fic. 9a. Fueling the engine module with the Plutonium-238 fuel 
capsule prior to implantation. At this juncture, the surface tem- 
perature in air of the capsule is approximately 500°F. A sterile 
obturator is used to handle the capsule. The Model VIII pump 
(above) attached to the engine by the hydraulic drive lines, is 
held in an assembly stand which permits access for pump and 
engine preparation. 


(B) and a constant control current (Ic). It varies in- 
versely with the square of the instantaneous separation 
of the magnet. With a control current of 200 ma, Vg 
varies between 0.5 and 30 MV. for a full stroke of the 
Model VIII pump. It is amplified and approximately 
linearized. The resultant voltage is directly proportional 
to prosthetic ventricle displacement. It may be used to 
monitor prosthetic cardiac output, since the volumetric 
output of the pump às a function of displacement is 
known. 

The Hall transducer is also used as the control logic 
sensor for the system. In order to lower left ventricular 
pressure and work maximally, it is necessary that the 
device counterpulse with the biologic ventricle. In this 
way, the biologic ventricle works only to fill the pump 
and the pump assumes the pressure work of maintaining 
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the systemic circulation. Vy, by indicating prosthetic 
ventricle displacement, is a measure of instantaneous 
degrees of LVAD filling and emptying. The negative 
first derivative (dVy/dt) of Vy is a voltage pulse which 
is used to initiate pump systole after approximately 
90 ms. As a result, prosthetic systole occurs for each 
biologic ventricular systole. 

Figure 7 is an integrated block diagram of the as- 
sembled vapor cycle circulatory support system consist- 
ing of the two major interrelated and interdependent 
subsystems. The engine module consisting of the nuclear 
heat source, the thermoelectric converter, the Tidal Re- 
generator Engine, the solenoid actuator, the diaphragm 
piston and the electronic logic is implanted retro- 
peritoneally and connected by drive and return lines 
through the diaphragm to the Model VIII advanced left 
ventricular assist device with its heat exchanger plenum, 
pump actuator and Hall effect sensor. 

In comparison with Figure 1 which indicates the over- 





Fic. 9b. The fuel capsule has been inserted into the power source 
which is at room temperature, 
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all activities leading to current studies, Figure 8 depicts 
our program planning for in vivo testing of the overall 
nuclear-fueled These efforts have included 
radioisotope integration into the Tidal Regenerator 
Engine, along with development of the thermoelectric, 
power conversion, electronic logic, and advanced left 
ventricular assist device with simultaneous parallel in 
vitro testing and subsequently in vivo testing of the 
first total system. 

Figure 9A-D depict 1) insertion of the 52-watt 
Plutonium-238 capsule into the Tidal Regenerator 
Engine with the disc-shaped Model VIII left ventricular 
assist device above; 2) a closer view of the totally im- 
plantable system with the fuel capsule in situ prior to 
start-up; 3) closure of the engine module with the upper 
portion of the cannister which contains its component 


system. 





tenn 


Fic. 9c. Placement of upper portion of engine cannister. In opera- 
tion, the maximum temperature of the tidal regenerator engine will 
increase to approximately 1000°F. However, the vacuum foil in- 
sulation will limit the heat loss to less than 5 watts; the tempera- 
ture of tissues in contact with the system are only a few degrees 
above normal. 
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Fic. 9d. Sealing of engine within 40 minutes. The nuclear-fueled 
engine temperature rises to initiate start-up and uninterrupted 
pumping. 


of vacuum foil insulation. The latter limits heat loss to 
less than 5 watts; and 4) sealing of the functioning sys- 
tem just prior to implantation. Within 40 minutes the 
boiler temperature will reach 350?F. At this juncture 
the engine starts and pumping is initiated. 

Figure 10 is a flow chart of surgical and engineering 
activities during implantation of the functioning sys- 
tem. All of these sub-tasks are accomplished in the 
experimental operating room; most are necessarily 
effected with sterile precautions. Figure 1l is the func- 
tioning system in the calf. 


Summary 


In brief, our laboratories have been involved in 
the conceptual design, feasibility and in vivo studies of 
nuclear powered artificial internal organs for an ex- 
tended period. Most recently a nuclear-powered left 


ventricular assist device has been designed, fabricated 


~~ 
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ENGINEERING TASKS 


e Check out on mock loop C electrical power 
* Sterilize system 


* Assemble (sterile) mock loop and charge C saline * Cannulate for monitoring and sampling 


e Start Argon flush of engine 
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MEDICAL TASKS 


e Condition calf 


* Anesthesia 


* Left thoracotomy 
* Cannulate int mammary v and start lidocaine infusion 











Load Seal Foil Secure 
238 l lat 

Pu ee Foam ( pinch-off fill line ) 
Capsule Package Insulation 





Complete Argon Flush 


* Divide inf pulmonary ligament 

* Anastomose Dacron graft to descending thoracic aorta 
* Suture silastic cuff to apex of left ventricle 

* Left transverse abdominal incision 

* Mobilize spleen and sigmoid colon 

* Suture Dacron suspension bands to psoas tendon 

















































* Incise left copula of diaphragm | 
Complete 
Engine Engine 
Warm-up Warm-up 
— — ⸗,s 
Start Engine On External Drive And Power 
| From Instrumentation Unit 
Fic. 10. Simplified flow 
chart of surgical and en- 
gineering subtasks for ex- 
perimental implantation Stabilize Engine Switch Engine Start Cooling 
of the nuclear-fueled left On To Int. Drive Ana 
ventricular assist device. Ext. Drive And Power Compliance Loop 
Integration of personnel 
has been essential. 
m 





Remove Cooling 


And Compliance Loop 












e Insert cooling compliance loop through diaphragm and pump 
* Position power source extraperitoneally 
* Repair diaphragm 














* Stop engine 


* Subcool engine at high rate 


* Inject lidocaine into left atrium 
e Ventilate lungs with IOO % O2 










m e ⸗ 


* Disconnect control compliance loop and drain pump 











* Remove control lines 
* Seal connector 


and implanted for initial testing. It consists of two 
modules: 1) the Model VIII pump, accepting blood 
from the left ventricular apex and ejecting it into the 
descending thoracic aorta, positioned on the left hemi- 
diaphragm, and 2) a power source ( consisting of the 
Pu-238 fuel capsule, Tidal Regenerator Engine, thermo- 
electric module, and electronic logic) suspended from 
the left psoas tendon, retroperitoneally. The pumping 


* Restart engine with external drive 
* Stabilize system with external drive 
* Switch to internal drive and power 







* Connect outflow to aortic graft 

* Flush pump with CO2 

* Core apex into LV 

Inflate balloon to control blood loss 
* Insert pump inlet into LV 


* Release aortic clamp after pump fills 


* Fix pump to diaphragm 
* Drain and close chest 
* Fix power source to Dacron bands 
* Close abdomen 
* Temporary tracheostomy 

T 


* Transport calf to I C.U. and suspend in sling 


chamber has a Dacron flocked surface with inlet and 
outlet tricuspid valves. It also serves as a blood-cooled 
heat exchanger and a position sensor for the control 
logic. The LVAD is hydraulically driven by a high 
pressure output of the engine (up to 1/100 horsepower). 
The engine is electronically controlled and converts the 
heat of fission of 120 Gm. of Pu-238 (52 thermal watts ) 
into hydraulic power for driving the blood pump. The 
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g Wii Thoracic Aorta 
Hydraulic Drive Line 







Converter 


Dacron Bands 


Lt. Ventricle 


Fic. 11. Functioning system in the calf. 


blood pumping power is about 10,000 times that re- 
quired to drive a pacemaker. The engine vaporization 
requires only 1 drop (0.015 ml.) of water. Electrical 
power to control the engine is obtained by thermo- 
electric conversion. The T% of the fuel is 89.0 years. 
The projected design life of the system is 10 years. The 
engine operating temperature is 900^F. During the first 
in vivo S-hour test the left ventricular assist device 
stroke volume was 100 ml./beat and the calfs rectal 
temperature was 98?F. 
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Discussion 


Dr. CLARENCE Dennis (Bethesda): Dr. Norman kindly asked 
me to discuss his presentation. It is obvious that an immense 
amount of work has been done and that all this happened before I 
became Chief of the Medical Devices Applications Branch. I ac- 
cepted Dr. Norman’s invitation in the hope of clarifying some 
aspects of collaborative research. 

There are many facets in the solution of such a problem as that 
which Dr. Norman has discussed, and much careful planning was 
and is necessary to coordinate them effectively. 

In this collaborative program, the effort is made to proceed in 
as open a fashion as is feasible. In the present case, for example, 
Dr. Norman’s manuscript lists some dozen reports in the medical 
and some score of reports in the engineering literature which are in 
essence progress reports preceding Dr. Norman’s report. The size 
of the team is indicated also by not only the list of coauthors, but 
also by acknowledgments to 30 additional coworkers. 

The problems are far from solution. For instance, Dr. Willem 
Kolff’s recent brilliant accomplishment in the 2-week survival 
of a calf in Salt Lake City hen replacement of the heart by a 
mechanical heart was terminated by problems of incompatibility 
of blood with the materials used. Bio-compatibility indee appears 
to be the most challenging problem still to be faced. 


Dr. Benson Roe (San Francisco): It gives me great pleasure 
to congratulate Jack Norman on this major accomplishment. He 
has again made an important stride toward the ultimate goal of a 
total cardiac replacement mechanism that is implantable, and as 
ipis all know, there are a variety of pumping mechanisms that 

ave been developed and tested to fit into such a system. 


In our laboratory, Dr. Smail has been doing some animal im- 
plantations with a pneumatically driven pump which would be 
adaptable to this system, invented by Mr. Paul Davis, which we 
believe to be an important advance in the state of the art. It 
is mechanically simple, requiring no complex external control or 
electronic apparatus. The Association might be interested in a 
less-than-two-minute film strip to demonstrate its mechanism. 

This is the complete apparatus except for the air. It is a piston 
driven apparatus, avoiding the flex problems of the balloons. The 
chamber is lined with a Dacron floc, as described by Bernhard. 
The power mechanism is automatically triggered, and moves 
through full stroke, without regard to the blood filling. It is 
intrinsically triggered. The blood piston is suspended totally inde- 
pendently, and moves entirely according to the availability of the 
incoming blood, thus following the Starling principle. The blood 
piston moves variably for each stroke, according to the blood 
that's available. 

The next graph is an unsynchronized stroke output curve which 
verifies the variable stroke volume in a calf whose mitral valve 
has been totally removed, so that the ventricular activity con- 
tributes to filling. This is a total left ventricular bypass. 

This arterial pressure curve is reasonably physiological, and the 
total output response to filling pressure is demonstrated in the 
next curve. 

The portability and the automaticity of the device is demon- 
strated by this calf seen here exercising on its sixth postoperative 
day. Those are scuba tanks carrying the air supply, but you can 
see that the output demands are met by the variable output re- 
sponse of the automatic pump. I think this may have some ueful 
application, and I hope we can report some more work on it to 
you next year. 
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Dr. Dav P. Bovp (Boston): This paper will surely serve as a 
substructure for further work in this important field. The ingenuity 
of the hydraulic principle seemed quite remarkable, but the 
thought of an internal temperature, no matter how insulated, of 
500° to 1000° F. is a bit awesome. 

In addition we have had presented to us a protocol of minimum 
tissue response to ionizing radiation which presumably would 
remain unchanged over the 90-year half-life of this isotope. Then 
there is something that ties in with the preceding paper and Dr. 
Kirklin's discussion of it, and that is the separateness of the two 
circulations. In the laboratory many years ago we could destroy 
virtually all of the right ventricular musculature, and surviving 
animals maintained cardiac output and their response to stress. 
They maintained their ability to change posture quickly, pre- 
sumbaly because of rapid accommodations in the vast nonpulsatile 
areas of the circulation, such as the pulmonary capillary bed and 
the splanchnic area. 

So one cannot help but ask if this could not be more than 
an assist, but could do the whole job with the simple addition of 
an appropriately calibrated A.S.D. 

Finally, Dr. Norman referred very briefly to the intriguing con- 
cept of heat induced angiogenesis. Í cannot help wondering if the 
fallute of an ischemic toe to heal, or an anoxemic myocardium, is 
not related to subtle temperature differentiations, and the in- 
ability of a tissue to accommodate to it, and whether the in- 
credible ability of the liver to regenerate may be reverse mani- 
festation of temperature influences on angiogenesis. 

It inust be clear to everyone that we have just heard some very 
basic work. 


Dr. RaymMonp HEIMBECKER (Toronto): May I ask Dr. Norman 
how far away the clinical application might be, and perhaps also 
what might be the ultimate cost per patient when this becomes a 
feasible situation? 


Dr. Jonn E. Connotty (Irvine): The early preliminary success 
with the plutonium atomic powered pacemakers in patients in 
France, even though the power source is much less than it is in this 
instrument, does prove that this is a reality. 

Dr. Norman and his group have also shown that in animals, 
shielding can be successfully carried out. I think that the problems 
facing everyone in this area have been (1) an implantable power 
scurce, which Dr. Norman is helping us with here, (2) trauma 
to the blood, and (3) bleeding problems associated with the need 
for heparin. 

In our laboratory over a number of years we have directed our 
attention to developing methods of providing extracorporeal cir- 
culation for days without the use of heparin. We have also studied 
the possible advantages of using pulsatile instead of the conven- 
tional nonpulsatile pumping mechanism. Our belief has been that 
temporary circulatory assistance, for hours or days, will have to 
precede the development of the permanent, totally implantable 
heart. 

At present, balloon counterpulsation is available and it can be 
helpful in getting the patient through the coronary arteriograms 
and permitting coronary bypass surgery. A disposable pump oxy- 
genator connected through the groin can be used for the same 
purpose. However, there are many patients, both surgical and non- 
surgical, who need support for many more hours, and days, than 
these technics can provide. 

The problem at the moment is getting the blood out of the heart 
and decompressing the heart without opening the chest. 

Finally, I would like to congratulate Dr. Norman on this work, 
and I predict that the totally implantable heart problem will be 
solved, perhaps, within this decade. 


NORMAN, MOLOKHIA, HARMISON, WHALEN AND HUFFMAN 
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Dr. J. C. Norman (Closing): The details of the work involved 
in preparing this manuscript, and their implications are rather 
overwhelming. For the sake of clarity, we have listed approxi- 
mately 60 reports that we have sent initially to the Artificial Heart 
program under Dr. Hastings, and now to the Medical Devices 
Application Program under Dr. Dennis. For those who are in- 
terested, they are detailed in the manuscript. 

I can only agree with Dr. Dennis that the enormity of some of 
these problems is occasionally quite foreboding. However, it is 
fascinating work; it is challenging and keeps us both occupied and 
preoccupied. 

I should go on next to Dr. Roe. We are fascinated with his 
device. We have had an opportunity to review some of its unique- 
ness and look forward to further reports. 

In terms of Dr. Boyd's comments, we do have to have adequate 
cardiac output passing through the pump to dissipate the additional 
endogenous heat. Without this, the heat levels become intolerable. 
There are several rather sophisticated mechanisms built into this 
device; some of the systems we have shown you today constitute 
multiple feedback loops in terms of maintaining temperature. 
Temperature regulation is obviously a crucial area. In terms of 
the question regarding the work of the heart, a systems analysis 
approach on this was worked out early in these studies by com- 
puters; the results are included in the bibliography. 

I am pleased that the amount of collaboration involved in these 
studies was pointed out. This is not the work of one laboratory. 
The problems are of such magnitude that they cannot be solved 
by a single agency. Nor can they be solved by a single industry. 
This is a prime example of group research, and we would be 
the very first to give credit to multiple laboratories across the coun- 
try involved in these studies. 

'The myocardial angiogenesis phenomenon we have come upon 
is also a fascinating area. We were so attracted by these observa- 
tions that we designed further experiments 2 years ago, and the 
results are included in a manuscript which was published by the 
American Society for Artificial Internal Organs in 1971. However, 
we have found that heat can elicit neocapillarity. We feel that 
this neocapillarity teleogically developed to dissipate the heat. Dr. 
Folkman has recently isolated a tumor angiogenesis factor. We 
feel that heat, of itself, can elicite new growth. 

Finally, how far away are clinically useful nuclear-fueled circu- 
latory support systems and their approximate cost? The reason 
our first calf was sacrificed at 7 hours was that the entire mecha- 
nism had to be flown down to Washington that night from Boston. 
Drs. DuVal, Marston and. Cooper were apprised of these studies 
then, all of this was presented in an informal document to Congress 
about a month ago. The current cost is rather substantial. However, 
if our coal supply is to be exhausted in 150 years, obviously we 
will need sources of power. As nuclear geneartors assume their 
rightful place in terms of supplanting our power supplies, the 
whole concept becomes more fiscally feasible. 

How far away? I should probably close by saying: If we can 
maintain the momentum that we have developed over the past 8 
years, and if we can solve in similar fashion problems which we 
thought were insoluble 6, 7 and 8 years ago in the manner in 
which we have gone along thus far, it is quite possible that we 
could talk in terms of clinical applications of units like this by 
the end of this decade. It may well be the end of the next decade. 
Michael Crichton’s current science fiction bestseller [The Terminal 
Man] was derived in part from some of his observations of our 
work while he was a medical student. In any event, of course, we 
will exert our very best efforts. 
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nea, transient apnea in a small number 
of newborn infants whose mothers re- 
ceived Talwin during labor; cardiovascu- 
lar: circulatory depression, shock, hyper- 
tension; CNS effects: sedation, alteration 
of mood (nervousness, apprehension, 
depression, floating feeling), dreams; 
gastrointestinal: constipation, dry mouth; 
dermatologic including local: diaphore- 
sis, sting on injection, flushed skin in- 
cluding plethora, dermatitis including 
pruritus; other: urinary retention, head- 
ache, paresthesia, alterations in rate 
or strength of uterine contractions dur- 
ing labor. 

Rarely reported reactions include— 
neuromuscular and psychiatric: muscle 
tremor, insomnia, disorientation, hallu- 
cinations; gastrointestinal; taste eltera- 
tion, diarrhea and cramps; ophthalmic: 
blurred vision, nystagmus, diplopia, mio- 


bulwark | 


against pain 


of moderate to severe intensity 


We wan 


Brand of 


pentazocine (as lactate) 


sis; other: tachycardia, soft tissue in- 
duration, nodules, cutaneous depression, 
and ulceration (sloughing) at the injec- 
tion site, weakness or faintness, chills, 
moderate transient eosinophilia, allergic 
reactions including edema of the face. 


See Acute CNS Manifestations and Drug 
Dependence under WARNINGS. 


Dosage and Administration: Adults, Ex- 
cluding Patients in Labor. The recom- 
mended single parenteral dose is 30 mg. 
by intramuscular, subcutaneous, or in- 
travenous route. This may be repeated 
every 3 to 4 hours. Doses in excess of 
30 mg. intravenously or 60 mg. intra- 
muscularly or subcutaneously are not 
recommended. Total daily dosage should 
not exceed 360 mg. As with most paren- 
teral drugs, when frequent daily in- 
jections are needed over a prolonged 
period, intramuscular administration is 
preferable to subcutaneous. In addition, 
constant rotation of injection sites (e.g., 
the upper outer quadrants of the but- 
tocks, mid-lateral aspects of the thighs, 
and the deltoid areas) is recommended. 


Patients in Labor. A single, intramuscu- 
lar 30 mg. dose has been most com- 
monly administered. An intravenous 20 
mg. dose has given adequate pain relief 
to some patients in labor when con- 
tractions become regular, and this dose 
may be given two or three times at two- 
to three-hour intervals, as needed. 


Children Under 12 Years of Age. Since 
clinical experience in children under 
twelve years of age is limited, the use 
of Talwin in this age group is not rec- 
ommended. 


CAUTION. Talwin should not be mixed 
in the same syringe with soluble bar- 
biturates because precipitation will 
occur. 


Overdosage: Manifestations. Clinical ex- 
perience with Talwin overdosage has 
been insufficient to define the signs of 
this condition. 


Treatment. Oxygen, intravenous fluids, 
vasopressors, and other supportive meas- 
ures should be employed as indicated. 
Assisted or controlled ventilation should 
also be considered. Although nalorphine 
and levallorphan are not effective anti- 
dotes for respiratory depression due to 
overdosage or unusual sensitivity to 
Talwin, parenteral naloxone (Narcan®, 
available through Endo Laboratories) is 
a specific and effective antagonist. If 
naloxone is not available, parenteral 
administration of the analeptic, methyl- 
phenidate (Ritalin&), may be of value if 
respiratory depression occurs. 


Talwin is not subject to narcotic controls. 


How Supplied: Ampuls of 1 ml. (30 mg.) 
and 1% ml. (45 mg.) in boxes of 10, 25, 
and 100. Ampuls of 2 ml. (60 mg.) in 
boxes of 25 and 100. Each 1 ml. contains 
Talwin (brand of pentazocine) as lactate 
equivalent to 30 mg. base and 2.8 mg. 
sodium chloride, in water for injection. 


Multiple dose vials of 10 ml., each 1 ml. 
containing Talwin (brand of pentazo- 
cine) as lactate equivalent to 30 mg. 
base, 2 mg. acetone sodium bisulfite, 
1.5 mg. sodium chloride, and 1 mg. 
methylparaben as preservative, in water 
for injection. Boxes of 1. 


The pH of Talwin solutions is adjusted 
between 4 and 5 with lactic acid and 
sodium hydroxide. The air in the ampuls 
and vials has been displaced by nitro- 
gen gas. 







Winthrop Laboratories 
New York, N.Y. 10016 
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The secret 
is in the handpiece! 


New From RELIANCE—A Major-Universal Electrosurgery Unit 

Now, with but one /ead wire and a dual foot switch, the surgeon has 
control over current for pure cutting, blending, coagulation, 
desiccation and fulguration . . . all within the sterile field. 
The secret is in the handpiece. 


The RELIANCE handpieces contain a device which provides the 
desired current. They also serve as the primary return path for unused 
R.F. energy, back through the lead wire and unit to ground. An ancillary 
electrode is a secondary return path, only, thus virtually 
eliminating the possibility of patient burns. 


The New Reliance Electrosurgery Unit provides safety, 
versatility and long life. 


è Four currents. 
€ Power to spare for the most demanding procedures 
e Fully rectified and filtered current for optimum 


p 
hemostasis witn minimum depth of tissue destruction. 
€ Automatic line voltage correction and 


stabilization; overload protected. 
e “Space Age" design with transistorized components 
and printed circuitry — shielded and filtered. 
e » Adjustable spring compensated mobile stand. 


Get complete information about the new 
RELIANCE ELECTROSURGERY UNIT. 
Write: F&F Koenigkramer 

96 Caldwell Drive 

- Cincinnati, Ohio 45216 
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Skeletal muscle spasm 
frequently 
starts here. | 





1. Local 2. Interneurons 3. Other 
pathology stimulates in the spinal cord impulses from the 
free nerve endings, transmit the impulse free nerve endings 
sending impulses to to the main motor ascend the cord to 
the spinal cord. neurons, which thalamic and cortical 

contract the muscle levels where they are 
fibers via the motor registered as pain. 


endplates. (This is the 
withdrawal reflex.) 


Valium (diazepam) can be a valuable adjunct in 
your efforts to relieve incapacitating skeletal muscle 
spasm due to local pathology. In strains, fibrositis — any 
form of inflammation or trauma that results in skeletal 
muscle spasm — Valium can help you speed recovery by 
relaxing hypertonic muscles. 

Adjunctive Valium can also help you treat certain 
spastic disorders due to upper motor neuron lesions. 
Patients you can benefit range from athetoid children 
with cerebral palsy to elderly stroke victims. And in its 
injectable form, you can use Valium to help relieve the 
overwhelming spasms of tetanus. 

You should always set Valium dosage at the lowest 
effective level when treating elderly or debilitated 
patients. For example, by starting out with the 2-mg 
tablet once or twice daily, you may often preclude the 


4. This results 
in impulses which 
descend through the 
reticular spinal 
System and activate 
the gamma-efferent 
neurons that contract 
the ends of the muscle 
spindle. 





5. Contraction 6. Valium® (diazepam) — 
of the muscle spindle the potent skeletal muscle 
stimulates its relaxant that can be administered 
annulospiral parenterally or orally. 
receptors to send 


impulses via a single 
synapse to the main 
motor neurons, 
augmenting the state 


of contraction. 


development of ataxia or oversedation in geriatric 
outpatients. Lower doses of the injectable (usually 2 mg 
to 5 mg) should be used. 

Injectable Valium (diazepam) seldom signifi- 
cantly depresses respiration. Nevertheless, you should 
have resuscitative facilities available when injecting 
Valium I.V. Rare reports of apnea or cardiac arrest have 
been noted, especially in elderly or very ill patients and 
those with limited pulmonary reserve. 


Before prescribing, please consult summary of product 


information on following page. á 
Valium 
(diazepam) 
adjunct in skeletal muscle spasm 


2-mg, 5-mg, 10-mg tablets 


Before prescribing, please consult 
complete product information, a 
summary of which follows: 


Indications: Tension and anxiety 
states, somatic complaints which 
are concomitants of emotional 
factors; psychoneurotic states man- 
ifested by tension, anxiety, appre- 
hension, fatigue, depressive . 
symptoms or agitation; symptomatic 
relief of acute agitation, tremor, 
delirium tremens and hallucinosis 
due to acute alcohol withdrawal; 
adjunctively in: skeletal muscle 
spasm due to reflex spasm to local 
pathology; spasticity caused by 
upper motor neuron disorders; 
athetosis; stiff-man syndrome. 
Injectable form may also be used 
adjunctively in status epilepticus 
and severe recurrent seizures; 
anxiety prior to gastroscopy, 
esophagoscopy, and surgical pro- 
cedures; cardioversion (I.V.); 
tetanus. 
Contraindications: Use of Injectable 
in infants and tablets in children 
under 6 months of age; known 
hypersensitivity to drug; acute 
narrow angle glaucoma; may be 
used in patients with open angle 
glaucoma who are receiving appro- 
priate therapy. . 
Warnings: Tablets: Not of value in 
treatment of psychotic patients, and 
should not be employed in lieu of 
appropriate treatment. As with most 
CNS-acting drugs, caution patients 
against hazardous occupations re- 
quiring complete mental alertness 
(e.g., operating machinery, driving). 
When using oral form adjunctively 
in convulsive disorders, possibility 
of increase in frequency and /or 
severity of grand mal seizures may 
require increase in dosage of stand- 
ard anticonvulsant medication; 
abrupt withdrawal in such cases 
may also be associated with tem- 
porary increase in frequency and/ 
or severity of seizures. Advise 
atients against simultaneous 
ingestion of alcohol and other CNS 
depressants. Withdrawal symptoms 
(similar to those with barbiturates 
and alcohol) have occurred follow- 
ing abrupt discontinuance (convul- 
sions, tremor, abdominal and 
muscle cramps, vomiting and 
sweating). Keep addiction-prone 
individuals (such as drug addicts 
or alcoholics) under careful sur- 
veillance because of their predis- 
position to habituation and  . 
dependence. Use of any drug in 
pregnancy, lactation or in women 
of childbearing age requires that 
potential benefit be weighed against 
possible hazard. Injectable: |.V. 
should be injected slowly, directly 
into vein, taking at least one minute 
for each 5 mg (1 ml) given; do not 
mix or dilute with other solutions 


Valium 


(diazepam) 


2-ml Tel-E-Ject'" (disposable syringes) 
10-ml multidose vials ? 5 mg/ml 


or drugs; do not add to I.V. fluids. 
Rare reports of apnea or cardiac 
arrest noted, usually following I.V. 
administration, especially in elcerly 
or very ill and those with limited 
pulmonary reserve; duration is 
brief; resuscitative facilities shculd 
be available. Not recommended as 
the sole treatment for psychotic or 
severely depressed patients; should 
not be administered to patients in 
shock, coma, or in acute alcoho ic 
intoxication with depression of vital 
signs. 

Precautions: If combined with other 
psychotropics or anticonvulsants, 
carefully consider individual phar 
macologic effects—particularly 
with known compounds which may 
potentiate action of Valium (diaz- 
epam), such as phenothiazines, 
narcotics, barbiturates, MAO 
inhibitors and other antidepres- 
sants. Employ usual precautions in 
the severely depressed or in those 
with latent depression; suicidal tend- 
encies may be present and protec- 
tive measures necessary. Observe 
usual precautions in impaired 

renal or hepatic function. Limit 

oral dosage to smallest effective 
amount in elderly and debilitated 

to preclude ataxia or overseda- 

tion (initially 2 to 2% mg once or 
twice daily, increasing gradually 

as needed or tolerated). /njectable: 
Not recommended for bronchos- 
copy, laryngoscopy, obstetrical 

use, or in diagnostic procedures 
other than gastroscopy and esopha- 
goscopy; laryngospasm is a possible 
reaction during gastroscopy and 
necessary countermeasures shculd 
be available; drug has produced 
hypotension or muscular weakness 
particularly when used with nar- 
cotics, barbiturates or alcohol; since 
effect with narcotics may be addi- 
tive, appropriate reduction in nar- 
cotic dosage is possible; use lower 
doses (2 to 5 mg) for elderly and 
debilitated; safety and efficacy in 
children under 12 not established. 
Adverse Reactions: Side effects most 
commonly reported: drowsiness, 
fatigue and ataxia. Infrequently 
encountered: confusion, constipa- 
tion, depression, diplopia, dys- 
arthria, headache, hypotension, 
incontinence, jaundice, changes in 
libido, nausea, changes in salive- 
tion, skin rash, slurred speech, 
tremor, urinary retention, vertigo 
and blurred vision; with Injectable, 
hiccups, hypoactivity, phlebitis at 
injection site, syncope and urticaria. 
Paradoxical reactions such as acute 
hyperexcited states, anxiety, hallu- 
cinations, increased muscle spastic- 
ity, insomnia, rage, sleep disturb- 
ances and stimulation have been 
reported; should these occur, use 
of the drug should be discontinued. 
Because of isolated reports of neu- 


2-ml ampuls 


tropenia and jaundice, periodic 
blood counts and liver function tests 
are advisable during long-term 
therapy. Minor changes in EEG 
patterns (low-voltage fast activity) 
observed during and after therapy 
and are of no known significance. 
Dosage: Individualized for maxi- 
mum beneficial effect. ORAL—Adults: 
Tension, anxiety and psychoneu- 
rotic states, 2 to 10 mg b.i.d. to 
q.i.d.; alcoholism, 10 mg t.i.d. or 
q.i.d, in first 24 hours, then 5 mg 
t.i.d. or q.i.d. as needed; adjunc- 
tively in skeletal muscle spasm, 2 
to 10 mg t.i.d. or q.i.d.; adjunctively 
in convulsive disorders, 2 to 10 mg 
b.i.d. to q.i.d. Geriatric or debilitated 
patients: 2 to 2¥2 mg 1 or 2 times 
daily initially, increasing as needed 
and tolerated. (See Precautions.) 
Children: 1 to 2V» mg t.i.d. or q.i.d. 
initially, increasing as needed and 
tolerated (not for use under 6 
months). INJECTABLE—Usual initial 
adult dose is 2 to 10 mg I.M. or I.V., 
depending on indication for use. 
Lower doses (usually 2 to 5 mg) 
with slow dosage increase for 
elderly or debilitated patients and 
when sedative drugs are added. (See 
Precautions and Adverse Reac- 
tions.) In gastroscopy and esopha- 
goscopy, 5 to 10 mg I.M. or I.V., 30 
min. prior to procedure. As pre- 
operative medication, 10 mg I.M., 
1 to 2 hours before surgery. In 
cardioversion, 5 to 15 mg, I.V., 
within 5 to 10 min. prior to proce- 
dure. Give I.V. injections slowly; 
n Al least 1 minute for each 5 mg 
ml). 
In acute conditions injection may 
be repeated within 1 hour, although 
interval of 3 to 4 hours is usually 
satisfactory; not more than 30 mg 
should be given within 8-hour 
period. Once acute symptomatology 
has been properly controlled with 
injectable form, patient may be 
placed on oral form if further treat- 
ment is required. 
Supplied: Valium® (diazepam) 
Tablets, 2 mg, 5 mg and 10 mg; 
bottles of 100 and 500. All strengths 
also available in Tel-E-Dose& 
packages of 1000. Valium? (diaz- 
epam) Ampuls, 2 ml, boxes of 10; 
Vials, 10 ml, boxes of 1; Tel-E- 
Ject'™: (disposable syringes), 2 ml, 
boxes of 10. Each ml contains 5 mg 
diazepam, compounded with 4096 
propylene glycol, 10% ethyl alcohol, 
596 sodium benzoate and benzoic 
acid as buffers, and 1.596 benzyl 
alcohol as preservative. 


Roche Laboratories 
Division of Hoffmann-La Roche Inc. 
Nutley, N.J. 07110 
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Specialists 
Specialists 


TACHDJIAN: 
Pediatric Orthopedics 


A most definitive text that presents complete surgical treat- 
ment of disorders of the neuromuscular and skeletal sys- 
tems in children. Chapters are devoted to congenital 
deformities, bone, joints, the neuromuscular system, the 
spine, leg and foot, fractures and dislocations. Neuro- 
muscular physiology, biomechanics of motion, dynamics 
of trauma, disease processes, and embryogenesis of 
musculo-skeletal anomaly are stressed. 

By Mihran O. Tachdjian, M.D., Head, Division of Orthopedics, Chil- 
dren's Memorial Hospital, Chicago, and Assoc. Professor of Ortho- 


pedic Surgery, Northwestern Univ. Medical School. Two volume 
set about 1570 pp., 940 figs. About $60. Just Ready. 


FERGUSON & KENDIG: 
Pediatric Otolaryngology 


Volume II of Disorders of the Respiratory Tract in Children, 
2nd edition. Nearly 30 experts guide you in plastic surgery 
techniques, management of choanal atresia, habilitation of 
the heard-of-hearing child. Approaches to anesthesia, ex- 
amination, radiology, and genetics are discussed. Congenital 
malformities and embryology stressed. Vol. !—Kendig: 
Pulmonary Disorders—now available. 

Edited by Charles F. Ferguson, M.D., Instructor of Otolaryngology, 
Harvard Medical School; and Edwin L. Kendig, Jr., M.D., Prof. of 


Pediatrics, Medical College of Virginia. About 610 pp. 275 figs. 
About $25. Just Published. Vol. |: 852 pp. 354 figs. $32.50. July 1972. 


HAAGENSEN et al: 
The Lymphatics in Cancer 


Five specialists in each regional type of cancer discuss 
occurrence and distribution of metastases to the chief 
groups of lymph nodes—neck, mediatinum, axilla, groin, 
mesentery. Pathological findings are correlated with long 
term follow-up of dissection to form basis of surgical 
therapy. 

By C. D. Haagensen, M.D., Prof. Emeritus of Clinical Surgery, 
College of Physicians and Surgeons, Columbia Univ.; with Carl R. 
Feind, M.D., Frederick P. Herter, M.D., Charles A. Slanetz, Jr., 


M.D., and Joseph A. Weinberg, M.D. About 600 pp., 225 figs. About 
$30. Just Published. 


Please send & bill me: 
O 8730 Tachdjian—Pediatric Orthopedics—About 


O 3192 Dripps—Anesthesia—About $11.50. 
[] 3615 Ferguson—Pediatric Otolaryngology—About 
$25. 
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DRIPPS ET AL: NEW 4th EDITION 


Introduction to Anesthesia 


Completely revised and updated to bring you the latest 
concepts and techniques—including the uses of new 
anesthetic agents ketamine, forane, innovar, and pancuron- 
ium. Recent advances in respiratory care, inhalation 
therapy, drug interactions, fluid and electrolyte disorders 
are presented. Medicolegal problems of anesthesia, the 
relationship of genetics to anesthesia, and new knowledge 
of old drugs are meticulously outlined. 

By Robert D. Dripps, M.D., Prof. of Anesthesia, Univ. of Penna. School 
of Medicine; James E. Eckenhoff, M.D., Dean & Prof. of Anesthesia, 
Northwestern Univ. Medical School; and Leroy D. Vandam, M.D., 
Prof. of Anesthesia, Harvard Medical School. About 530 pp., illustd. 
About $11.50. Just Ready. 


THE SURGICAL CLINICS OF NORTH AMERICA 


October 1972: Operative Nerve Lesions 
and Their Repair 
Frederick A. Simeone, M.D. Guest Editor 


Benefit from the first-hand clinical expertise of skilled 
practicing surgeons. Drawing on their extensive experi- 
ence, the authors explore challenging topics as painful 
traumatic neuromas, advances in facial nerve repair, nerve 
injuries in children, digital nerve repairs, microsurgical 
techniques in repair of peripheral nerves, the quality of 
nerve regeneration and much more. December's symposium 
discusses surgical infections. 


Published bimonthly. Averages 275 pp. per issue. Hardbound. 
Illustd. No advt. Available by yearly subscription only—$21. 


SCOTT et al: 


Current Controversies 
in Urologic Management 


Eminently qualified authorities present their opposing views 
in 21 areas of urologic management. Get sound advice 
on the use of primary radiotherapy for operative prostate 
carcinoma——autotransplantation for lower ureteral defects— 
extended pyelolithotomy for staghorn calculus—much more. 
By 47 authorities. Edited by Russell Scott, Jr., M.D., Prof. and Head, 


Div. of Urology, Baylor College of Medicine. About 400 pp., illustd. 
About $20. Just Published. 


W. B. SAUNDERS COMPANY 
West Washington Square, Philadelphia, Pa. 19105 
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O 5376 Kendig—Pulmonary Disorders—$32.50. l 
[] 4443 Haagensen—Cancer—About $30. I 
O 8043 Scott—Urologic Management—About $20. | 
O Enroll me as a subscriber to Surgical Clinics start- I 
ing October '72, $21 per year. [] Starting Decem- | 
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Ketalar 


(Ketamine HCl) 








Report 


One year of nationwide 
clinical use; one decade of 
research and development 
at Parke-Davis. A continu- 
ing program that has 

made KETALAR anesthesia 
a reality. 


In high-risk surgery, 
an added measure 
of safety 


KETALAR lessens surgical risk 
for many emergency and 
^poor-risk" patients. It often 
elevates blood pressure. It 
usually affects respiration 
minimally and leaves pro- | 7 | 
tective laryngeal-pharyngeal | kd. P 
reflexes intact. Airway pa- 
tency can usually be main- 
tained without intubation. 


Progress 














In routine induction, 
a smooth, 
uncomplicated start 


KETALAR provides efficient 
induction for practically any 
anesthetic regimen and is ad- 
ministered I.M. or LV. which 
greatly simplifies the proce- 
dure for children and adults 


y, |alike. KETALAR is also clini- 
i. |cally compatible with com- 


monly used general anes- 


thetics, pre- and postanes- 
; |thetic medications, includ- 


ing anticholinergics, muscle 
relaxants, and tranquilizers. 


In short procedures, absence of tachyphylaxis 






























more problems and organ/tissue accumula- 
tion is a definite plus in re- 
solved, fewer petitive procedures. Grow- 
created ing experience with 
KETALAR, as sole agent, KETALAR shows that emer- 


gence reactions can be ef- 
fectively reduced by allow- 
ing patients to awaken 
naturally with minimal ver- 
bal or tactile stimulation, 
and, where indicated, by 
employing agents such as 
droperidol or diazepam. 


simplifies and improves an- 
esthesia in a host of "prob- 
lem procedures." It has 
proven to be especially valu- 
able in the management of 
severe burn patients, and its 
rapid and profound anal- 
gesic effect provides a major 
advantage in numerous 
painful diagnostic tests and 
short surgical procedures 
not requiring skeletal mus- 
cle relaxation. The virtual — |KETALAR anesthesia repre- 
sents a milestone in the 
management of infants and 
children. It offers — for the 
first time — efficient general 
anesthesia by intramuscular 
injection. In terms of both 
efficacy and convenience, 
the clinical experience with 
KETALAR may qualify it in 

|| many instances as the agent 
of choice for pediatric 
anesthesia. 

KETALAR UPDATE: 

Now indicated for use in 
cardiac catheterization. 
Now available in new 

100 mg./ml., 5 ml. vials 

for IM use. 


In pediatrics, a new 
era in anesthesia 





See next page for prescribing information. 


Ketalar 
(Ketamine HCI) 
Parke-Davis 


|| advancement in 
anesthesiology 





KETALAR (Ketamine Hydrochloride) 


SPECIAL NOTE: EMERGENCE REACTIONS HAVE OC- 
CURRED IN APPROXIMATELY 12 PER CENT OF PA- 
TIENTS. 

THE PSYCHOLOGICAL MANIFESTATIONS VARY IN SE- 
VERITY BETWEEN PLEASANT DREAM-LIKE STATES, 
VIVID IMAGERY, HALLUCINATIONS AND EMERGENCE 
DELIRIUM. IN SOME CASES THESE STATES HAVE BEEN 
ACCOMPANIED BY CONFUSION, EXCITEMENT, AND 
IRRATIONAL BEHAVIOR WHICH A FEW PATIENTS RE- 
CALL AS AN UNPLEASANT EXPERIENCE. THE DURA- 
TION ORDINARILY LASTS NO MORE THAN A FEW 
HOURS; IN A FEW CASES, HOWEVER, RECURRENCES 
HAVE TAKEN PLACE UP TO 24 HOURS POSTOPERA- 
TIVELY. NO RESIDUAL PSYCHOLOGICAL EFFECTS ARE 
KNOWN TO HAVE RESULTED FROM USE OF KETALAR. 
THE INCIDENCE OF THESE EMERGENCE PHENOMENA 
IS LEAST IN THE YOUNG (15 YEARS OF AGE OR LESS) 
AND ELDERLY (OVER 65 YEARS OF AGE) PATIENT. 
ALSO, THEY ARE LESS FREQUENT WHEN THE DRUG IS 
GIVEN INTRAMUSCULARLY. 

THESE REACTIONS MAY BE REDUCED IF VERBAL, TAC- 
TILE, AND VISUAL STIMULATION OF THE PATIENT IS 
MINIMIZED DURING THE RECOVERY PERIOD. THIS 
DOES NOT PRECLUDE THE MONITORING OF VITAL 
SIGNS. IN ADDITION, THE USE OF A SMALL HYP- 
NOTIC-DOSE OF A SHORT-ACTING OR ULTRASHORT- 
ACTING BARBITURATE OR OTHER AGENT SUCH AS 
DIAZEPAM MAY BE REQUIRED TO TERMINATE A 
SEVERE EMERGENCE REACTION. CERTAIN DRUGS 
SUCH AS DROPERIDOL OR DIAZEPAM INTRAMUS- 
CULARLY HAVE ALSO BEEN USED IN AN ATTEMPT 
TO REDUCE THE INCIDENCE OF EMERGENCE REAC- 
TIONS: SUFFICIENT DATA HAVE NOT YET BEEN 
ACCUMULATED TO CONSTITUTE THOROUGH DOC- 
UMENTATION. THE INCIDENCE OF EMERGENCE RE- 
ACTIONS IS REDUCED AS EXPERIENCE WITH THE 
DRUG IS GAINED. 

WHEN KETALAR IS USED ON AN OUTPATIENT BASIS, 
THE PATIENT SHOULD NOT BE RELEASED UNTIL RE- 
COVERY FROM ANESTHESIA IS COMPLETE AND THEN 
SHOULD BE ACCOMPANIED BY A RESPONSIBLE 
ADULT. 


INDICATIONS: Ketalar is recommended: 1. as the sole 
anesthetic agent for diagnostic and surgical procedures 
that do not require skeletal muscle relaxation. Ketalar 
is best suited for short procedures but it can be used, 
with additional doses, for longer procedures. 2. for the 
induction of anesthesia prior to the administration of 
other general anesthetic agents. 3. to supplement low- 
potency agents, such as nitrous oxide. 


See package insert for full prescribing information. 


CONTRAINDICATIONS: Ketalar is contraindicated in 
persons in whom a significant elevation of blood pres- 
sure would constitute a serious hazard and those who 
have shown hypersensitivity to the drug. 

WARNINGS: Ketalar should be used by or under the 
direction of physicians experienced in administering 
general anesthetics and in maintenance of an airway 
and in the control of respiration. Cardiac function 
should be continually monitored during the procedure 
in patients found to have hypertension or cardiac de- 
compensation. Barbiturates and Ketalar should not be 
injected from the same syringe. Prolonged recovery 
time may occur if barbiturates and/or narcotics are 
used concurrently with Ketalar. Postoperative confu- 





sional states may occur during the recovery period. 
Respiratory depression may occur with over-dosage or 
too rapid a rate of administration of Ketalar in which 
case supportive ventilation should be employed. Me- 
chanical support of respiration is preferred to adminis- 
tration of analeptics. 


USAGE IN PREGNANCY: Since the safe use in preg- 
nancy, including obstetrics, has not been established, 
such use is not recommended. 


PRECAUTIONS: Because pharyngeal and laryngeal re- 
flexes are usually active, Ketalar should not be used 
alone in surgery or diagnostic procedures of the 
pharynx, larynx, or bronchial tree. Mechanical stimula- 
tion of the pharynx should be avoided, whenever pos- 
sible, if Ketalar is used alone. Muscle relaxants, with 
proper attention to respiration, may be required in both 
of these instances. Resuscitative equipment should be 
ready for use. The incidence of emergence reactions 
may be reduced if verbal and tactile stimulation of the 
patient is minimized during the recovery period. This 
does not preclude the monitoring of vital signs (see 
Special Note). The intravenous dose should be admin- 
istered over a period of 60 seconds. More rapid admin- 
istration may result in respiratory depression or apnea 
and enhanced pressor response. In surgical procedures 
involving visceral pain pathways, Ketalar should be sup- 
plemented with an agent which obtunds visceral pain. 
Use with caution in the chronic alcoholic and the 
acutely alcohol-intoxicated patient. An increase in cere- 
brospinal fluid pressure has been reported following 
administration of ketamine hydrochloride. Use with ex- 
treme caution in patients with preanesthetic elevated 
cerebrospinal fluid pressure. 


ADVERSE REACTIONS: Cardiovascular: Blood pressure 
and pulse rate are frequently elevated following admin- 
istration of Ketalar. However, hypotension and brady- 
cardia have been observed. Arrhythmia has also 
occurred. 


Respiration: Although respiration is frequently stimu- 
lated, severe depression of respiration or apnea may 
occur following rapid intravenous administration of 
high doses of Ketalar. Laryngospasms and other forms 
of airway obstruction have occurred during Ketalar an- 
esthesia. 

Eye: Diplopia and nystagmus have been noted follow- 
ing Ketalar administration. It also may cause a slight 
elevation in intraocular pressure measurement. 
Psychologica!: (See Special Note). 

Neurological: In some patients, enhanced skeletal mus- 
cle tone may be manifested by tonic and clonic move- 
ments sometimes resembling seizures. 


Gastrointestinal: Anorexia, nausea or vomiting have 
been observed; however this is not usually severe and 
allows the great majority of patients to take liquids by 
mouth shortly after regaining consciousness. 


General: Local pain and exanthema at the injection site 
have infrequently been reported. Transient erythema 
and/or morbilliform rash have also been reported. 


HOW SUPPLIED: Ketalar solutions containing the hy- 
drochloride in concentrations equivalent to ketamine 
base are available in 5, 10, 20, and 50 ml. vials. These 
vials contain 100, 50, 10, and 10 mg./ml., respectively. 
Each vial is supplied individually and in cartons of 10. 
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PARKE-DAVIS 


108271R [I 


PARKE, DAVIS & COMPANY Detroit, Michigan 48232 


& For the upcoming Christmas season, one superb 
nature book stands out among all the others: Laurence 
1 || i- » q & t ip ] Pringle's WILD RIVER. The text, which bears compari- 
son with such classics as The Sea Around Us and The 
Pond, is perfectly complemented by the author's 


E: 
breathtaking color photographs. Together they capture 
5 or both the naturalist's subtle insights into the life of 
rivers and the sense of wonder that moving water 
evokes in all of us. 


E 
Christmas Praise from naturalists for WILD RIVER: 


A masterful and fascinating account, beautifully 


illustrated."—Edwin W. Hanson, Executive Director of 
the Outdoor Writers of America 


The theme is excellent and timely, the photography 
splendid. WILD RIVER brings to life the fascinating 
world of live water." —Hal Borland 


"If anyone doubts that our remaining wild rivers are 
worth saving at almost any price, he will be convinced 
by this splendid book." —Paul Brooks 


"As one who knows and loves many of our wild rivers, 
| found new enrichment in this book." —Allan D. 
Cruickshank, National Audubon Society 


65 color photographs » 8Y2 x 11 


Order today at special gift price: 
$12.95 through 1/2/73, $15.00 thereafter 


Lippincott 


A 


J. B. LIPPINCOTT COMPANY 
P.O. Box 8340, Philadelphia, Pa. 19101 
Send me. | — copies of Wild River by Laurence Pringle @ $12.95 
through 1/2/73, $15.00 thereafter. 
Check enclosed Bill me 
Name 


Address 








Zip i 
Residents of Pa., N.J., N.Y., N.C., N.Dak., N.M., Ark., Cal., Tenn., please 
add state and local taxes. 











The Zimmer burn-therapy system 


Brown Air Dermatome 
Meshgrait Il Dermatome 


to complement your skills in 
meeting the life demands of 
this critical condition 





Brown Air Dermatome: the precision air instrument of choice 
for smoohly and precisely obtaining split thickness skin grafts of 
uniform depth and width. This dependable instrument provides 
micrometer adjustment for graft thickness and an easily operated 
width selector. 


A convenient hand throttle and smooth operation facilitates 
your complete control of the Brown Air Dermatome during this 
demancing surgical procedure. 


Meshgraft II Dermatome: the unique instrument that accurately 
meshes skin grafts for expanded area coverage. 


Cut edge exposure is greatly increased for more rapid epitheliza- 
tion. Take is enhanced by improved drainage and reduced fluid 
accumulation under the graft.'* The flexibility of the Meshgraft 
allows it to more easily cover complex body contours. This is 
essential in those critical cases where patients lack sufficient 
donor areas.’ Expansion ratios of 12:1, 3:1, 6:1, or 
9:1 are obtainable by selecting the appropriate, 
sterile Dermacarrier II. 

Ask your Zimmer Representative for a demonstration of this burn- 
therapy system in your hospital. 

1. Tanner, J.C., Vandeput, J., and Olley, J.F.: The Mesh Skin Graft; Plastic. 

Reconst. Surg. 34:287, 1964. 


2. Tanner, J.C., Vandeput, J., and Bradley, W.H.: Two Years with Mesh Skin 
Grafting; Amer. J. Surg. 111:543, 1966. 


VM ZIMMER USA 


Warsaw, Indiana 46580 















The people who really care 







e. 
Send her hom 
dher home with 
an APC/narcotic that doesnt 
contain codeine 

Percodan does what you want an APC/narcotic to do. 
It effectively relieves moderate to moderately severe pain. 
But it's different from all the other widely prescribed 
APC/narcotics because it doesn't contain codeine. 

The chief analgesic agent in Percodan is oxycodone. 
A semisynthetic narcotic analgesic, oxycodone 
represents a therapeutic alternative to codeine. Percodan 
can produce drug dependence of the morphine type 
and has the potential of being abused. Percodan should 
be used with the same degree of caution appropriate 
to other oral narcotic-containing medications. 

One tablet of Percodan every six hours is usually 
sufficient for adults. However, it occasionally may be 
necessary to exceed the usual dosage in cases of severe pain 
or in those patients who have built up a tolerance to the 


analgesic effect of narcotics. Percodan. The APC/narcotic 
that doesn't contain codeine. 


Percodan« 


Each yellow, scored tablet contains 4.50 mg. oxycodone HCl 
(Warning: May be habit-forming), 0.38 mg. oxycodone 
terephthalate (Warning: May be habit-forming), 224 mg. aspirin, 
* <A 160 mg. phenacetin, and 32 mg. caffeine. 


» reliable pain relief 
without codein 





Please refer to brief summary on facing page. 


Y 


Dercodan:« 


Each yellow, scored tablet contains 4.50 mg. oxycodone HCl 
(Warning: May be habit-forming), 0.38 mg. oxycodone terephthalate 
(Warning: May be habit-forming), 224 mg. aspirin, 160 mg. phen- 
acetin, and 32 mg. caffeine. 


INDICATIONS: For the relief of moderate to moderately severe pain. 
CONTRAINDICATIONS: Hypersensitivity to oxycodone, aspirin, 
phenacetin or caffeine. 
WARNINGS: Drug Dependence: Oxycodone can produce drug depend- 
ence of the morphine type and, therefore, has the potential for being 
abused. Psychic dependence, physical dependence and tolerance 
may develop upon repeated administration of Percodan, and it should 
be prescribed and administered with the same degree of caution 
appropriate to the use of other oral narcotic-containing medications. 
Like other narcotic-containing medications, Percodan is subject to 
the Federal Controlled Substances Act. 
Usage 1n ambulatory patients: Oxycodone may impair the mental 
and/or physical abilities required for the performance of potentially 
hazardous tasks such as driving a car or operating machinery. The 
patient using Percodan should be cautioned accordingly. 
Interaction with other central nervous system depressants: Patients 
receiving other narcotic analgesics, general anesthetics, phenothia- 
zines, other tranquilizers, sedative Hypnatice or other CNS depres- 
sants (including alcohol) concomitantly with Percodan may exhibit 
an additive CNS depression. When such combined therapy is con- 
templated, the dose of one or both agents should be reduced 
Usage in pregnancy: Safe use in pregnancy has not been established 
relative to possible adverse effects on fetal development. Therefore, 
Percodan should not be used in pregnant women unless, in the judg- 
ment of the physician, the potential benefits outweigh the possible 
hazards. 
Usage in children: Percodan should not be administered to children. 

Salicylates should be used with caution in the presence of peptic 
ulcer or coagulation abnormalities. 
PRECAUTIONS: Head injury and increased intracranial pressure: 
The respiratory depressant effects of narcotics and their capacity to 
elevate cerebrospinal fluid pressure may be markedly exaggerated in 
the presence of head injury, other intracranial lesionsor a pre-existing 
increase in intracranial pressure. Furthermore, narcotics produce 
adverse reactions which may obscure the clinical course of patients 
with head injuries. 
Acuteabdominal conditions: The administration of Percodan or other 
narcotics may obscure the diagnosis or clinical course in patients with 
acute abdominal conditions. 
Special risk patients: Percodan should be given with caution to cer- 
tain patients such as the elderly or debilitated, and those with severe 
impairment of hepatic or renal function, hypothyroidism, Addison's 
disease, and prostatic hypertrophy or urethral stricture. 

Phenacetin has been reported to damage the kidneys when taken 
in excessive amounts for a long time. 
ADVERSE REACTIONS: The most frequently observed adverse 
reactions include light-headedness, dizziness, sedation, nausea and 
vomiting. Some of these adverse reactions may be alleviated if the 
patient lies down. 

Other adverse reactions include euphoria, dysphoria, constipation 
and pruritus. 
DOSAGE AND ADMINISTRATION: Dosage should be adjusted 
according to the severity of the pain and the response of the patient. 
It may occasionally be necessary to exceed the usual dosage recom- 
mended below in cases of more severe pain or in those patients who 
have become tolerant to the analgesic effect of narcotics. The usual 
adult dose is one tablet every six hours as needed for pain. 
DRUG INTERACTIONS: The CNS depressant effects of Percodan 
may be additive with that of other CNS depressants. See WARNINGS. 

Aspirin may enhance the effect of anticoagulants and inhibit the 
effect of uricosuric agents. 
MANAGEMENT OF OVERDOSAGE: Signs and Symptoms: Serious 
overdose with Percodan is characterized by respiratory depression, 
extreme somnolence progressing to stupor or coma, skeletal muscle 
flaccidity, cold and clammy skin, and sometimes bradycardia and 
hypotension. In severe overdosage, apnea, circulatory collapse, car- 
diac arrest and death may occur. The ingestion of very large amounts 
of Percodan may, in addition, result in acute salicylate intoxication. 
Treatment: Primary attention should be given to the re-establishment 
of adequate respiratory exchange through provision of a patent air- 
way and the institution of assisted or controlled ventilation. The nar- 
cotic antagonists naloxone, nalorphine or levallorphan are specific 
antidotes against respiratory depression which may result from over- 
dosage or unusual sensitivity to narcotics, including oxycodone. 
Therefore, an appropriate dose of one of these antagonists should 
be administered, preferably by the intravenous route, simultaneously 
with efforts at respiratory resuscitation. Since the duration of action 
of oxycodone may exceed that of the antagonist, the patient should 
be kept under continued surveillance and repeated doses of the 
antagonist should be administered as needed to maintain adequate 
respiration 

An antagonist should not be administered in the absence of clin- 
ically significant respiratory or cardiovascular depression. 

Oxygen, intravenous fluids, vasopressors and other supportive 
measures should be employed as indicated. 

Gastric emptying may be useful in removing unabsorbed drug. 


€ndo Laboratories, Inc. 


Subsidiary of E.l. du Pont de Nemours & Co. (Inc.) 
Garden City, N.Y. 11530 








ATLAS of 
GASTROINTESTINAL 
SURGERY 


KOMEI NAKAYAMA, M.D., Pro- 
fessor of Surgery, and Director 
of Institute of Gastroenterology, 
Tokyo Women's Medical College 


Here is an atlas of exceptional surgical merit 
and surpassing beauty from a distinguished 
Japanese surgeon. Dr. Nakayama presents, in 
vivid, step-by-step fashion the surgical methods 
that have won him international acclaim. 


The author is a pioneer and a world leader in 
the field of esophageal surgery. One-third of 
his atlas is devoted to surgery of this type. |t 
includes a description, in minute detail, of Dr. 
Nakayama's reconstruction of the cervical esoph- 
agus using a revascularized segment of the 
bowel. In the remaining two-thirds of the 
atlas you'll find operations on the rest of the 
gastrointestinal tract plus the gall bladder, bile 
duct, liver, pancreas, and spleen. 


Surgical indications, pre- and postoperative care, 
and complications are described along with the 
surgical techniques. A beautiful section of the 
atlas contains large photographs of, and in- 
structions for the use of, Dr. Nakayama’s in- 
struments for small vessel anastomosis. 


649 Pages 1500 Illustrations 1969 $42.00 


J. B. Lippincott Company 
East Washington Square 
Philadelphia, Pa. 19105 


Please send me: 
Atlas of Gastrointestinal Surgery . 


AS 10/72 





v 
our “There should be a law against 
four-hour procedures...and patients who are 
World 60 pounds overweight...but her vital signs 
are steady, so she should be all right’ 













Part of 
Your World 


before surgery 


calms rapidly; quickly readies patients for 
smooth induction of anesthesia 


gently allays anxiety to permit sound sleep 
the night before surgery 


physically compatible with most preanesthetic 
medications 


narcotic requirements are often reduced 
up to 50 per cent 


during surgery 


seldom impairs vital signs—respiratory 
depression and hypotension are rare 


not known to aggravate or 
obscure incipient shock 


does not cause CNS cortical depression 


after surgery 


effectively controls postoperative nausea 
and vomiting 


sedative hangover is not characteristic, although 
occasional drowsiness has been reported 


oral forms available for postoperative care, 
during recovery in hospital, and at home 


Pfizer] LABORATORIES DIVISION 
PFIZER INC., NEW YORK. N Y 10017 


Please turn page for Brief Summary including adverse 
reactions, contraindications and precautions 





Vistaril 


HYDROXYZINE HCl 


Intramuscular Solution 


the most widely used 
parenteral calming agent 


BRIEF SUMMARY 
Contraindications: Hypersensitivity to hydroxyzine. The 
solution for intramuscular use must not be injected sub- 
cutaneously, intra-arterially, or intravenously. 
Hydroxyzine, when administered to the pregnant 
mouse, rat, and rabbit induced fetal abnormalities in 
the rat at doses substantially above the human thera- 
peutic range. Clinical data in human beings are in- 
adequate. Until adequate data are available to 
establish safety in early pregnancy, hydroxyzine is con- 
traindicated during this period. 
Precautions: HYDROXYZINE MAY POTENTIATE THE ACTION 
OF CENTRAL NERVOUS SYSTEM DEPRESSANTS SUCH AS 
NARCOTICS AND BARBITURATES. In conjunctive use, 
dosage for these drugs should be decreased as much 
as 50%. Because drowsiness may occur, patients should 
be cautioned against driving a car or operating dan- 
gerous machinery. The usual precautions for intramus- 
cular injection should be followed; soft-tissue reactions 
have rarely been reported when proper technique has 
been used. Hydroxyzine intramuscular solution should 
be injected well within the body of a relatively large 
muscle. In adults, the preferred sites are the upper outer 
quadrant of the buttock (i.e., gluteus maximus), or the 
mid-lateral thigh. In children, preferably the mid-lateral 
muscle of the thigh. In infants and small children, the 
upper outer quadrant of the gluteal region should only 
be used when necessary, as in burn patients, in order 





to minimize the possibility of damage to the sciatic 
nerve. The deltaid area should be used only if well 
developed, such as in certain adults and older 
children, and only with caution to avoid radial nerve 
injury. Injections should not be made in the lower and 
middle thirds of the upper arm. Aspiration is neces- 
sary to help avoid intravascular injection. 
Adverse Reactions: Drowsiness may occur; if so, it is 
usually transitory and may disappear in a few days of 
continued therapy or upon dosage reduction. Dryness 
of the mouth may occur with higher doses. Involuntary 
motor activity, including rare instances of tremor and 
convulsions, has been reported, usually with higher 
than recommended dosage. 
Supply: Vistaril (hydroxyzine pamoate) Capsules: 
Equivalent to 25 mg., 50 mg., 100 mg. hydroxyzine HCl. 
Vistaril (hydroxyzine pamoate) Oral Suspension: Equiv- 
alent to 25 mg. hydroxyzine HCI per 5 cc. teaspoonful. 
Vistaril (hydroxyzine HCl) Intramuscular Solution: 
25 mg./cc.—10 cc. vial; 50 mg./cc.—2 cc. and 10 cc. 
vial; Isoject? 25 and 50 mg. per cc., 1 cc. per unit; 100 
mg./2 cc. unit. 

More detailed professional intormation available on 
request. 





Revised January, 1970 


Gm» LABORATORIES DIVISION 
PFIZER INC., NEW YORK, N.Y. 10017 
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THE AMERICAN SOCIETY OF CONTEMPORARY MEDICINE AND SURGERY 


February 26 through March 3, 1973 Fontainebleau Hotel, Miami Beach Florida 
PRESIDENT—Michael E. DeBakey, M.D. 


CHAIRMAN-—Morris Fishbein, M.D. 


CO-CHAIRMAN—George E. Moore, M.D. 


A.M.A. Approved Continuing Education Courses 


annual meeting 


MONDAY, FEBRUARY 26 


REGISTRATION—8:00-10:00 
Morris Fishbein, M.D., Chairman 
INTRODUCTORY COMMENTS 


Michael E. DeBakey, M.D. 
PRESIDENTIAL ADDRESS 


Owen Wangensteen, M.D.—The Making of a Surgeon 

Gerard Kaiser, M.D.—Electrophysiologic Techniques in 
Cardiac Surgery 

Robert Golbey, M.D.—Advances in Chemo-Therapy in 
Cancer 


George Moore, M.D.—Melanoma 

Thomas Fitzpatrick, M.D.—Early Detection of Melanoma 
Rueben Flocks, M.D.—Advances in Urology 

Francis J, Burns, M.D.—Advances in Proctology 


William Schumer, M.D.—Evolution in the Treatment of 
Shock: Science vs. Empiricism 





SMALL GROUP CONFERENCES 
with leaders in surgery. 
All members are urged to participate actively. 








Courses accredited by 
The Council on Medical Education 
of the 
American Medical Association 








TUESDAY, FEBRUARY 27 


Chairman—William Cahan, M.D. 
SURGICAL ACUTE ABDOMEN 


c Dragstedt, M.D.—Surgery for Duodenal and Gastric 
cer 


Irwin C. Winter, M.D.—Depepsin in Peptic Ulcer 
Owen Wangensteen, M.D.—Bowel Obstruction 
Alan L. Kaplan, M.D.—Pelvic Abcess 


Richard Goldstein, M.D., Kenneth Welch, M.D.—Acute 
Abdomen Caused by Congenital and Acquired Lesions 


WEDNESDAY, FEBRUARY 28 


GYNECOLOGICAL CONDITIONS 


Alan L. Kaplan, M.D.—Management of Pelvic Abcess 

John Marlow, M.D.—Colposcopic mapping of the epithe- 
lial changes following cryosurgery 

Alan F. Guttmacher, M.D.—Planned Parenthood 

Abraham Lash, M.D.—Geriatric Gynecology 

Thomas D. Kerenyi, M.D.—New Methods of Abortion 

John J. Barton, M.D.—Laparoscopy Reevaluated 

Chairman—Setrag Zacarian, M.D. 

CRYOSURGERY FOR SKIN LESION—Richard Elton, 
M.D., James Trimble, M.D., Gloria Graham, M.D., 
Robert Goldwyn, M.D., Harold Pierce, M.D. Edmond 


Klein, M.D. (Frederic Mohs, M.D. Topical chemotherapy 
and Chemosurgery) ` 


THURSDAY, MARCH 1 


Chairman—Kenneth Welch, M.D. 

Congenital Chest Wall Deformities 

George Clowes, M.D.—Treatment of Adult Respiratory 
Distress 

George Noon, M.D.—Circulatory and Respiratory As- 
sistance 

William Cahan, M.D.—New Trends in Surgical Therapy 
of Lung Cancer 

Alan Bloomberg, M.D. and Richard Rosen, M.D.—Cryo- 
therapy of Lung Cancer. 

James Barron, M.D.—Advances in the Treatment of Hemor- 
rhoids 

Leon Goldman, M.D.—Laser Therapy 

Victor Tchertkoff, M.D.—Adrenal: Hyaline Globules 





between panelists and audience 


Certificates of attendance will be 
issued for continuing education 


FRIDAY, MARCH 2 


Chairman—A ndrew Gage, M.D. 


ORAL CANCER SYMPOSIUMC-—s. Kennett, M.D., Mar- 
vin Chapin, M.D., George Green, M.D. 


Barry I. Samuels, M.D.—Thermography 

Fenimore Johnson, M.D.—The Prostaglandins' Story 

C. Robert Valeri, M.D.—Technology and Clinical use of 
Frozen red blood cells 

Harold T. McDonald, M.D.—Cryogenic Blood Banking in 
the Small Community Hospital 

Kenneth C. Kwaan, M.D.—Coagulation Defects. 


| Free exchange of ideas on surgical problems | 


SATURDAY, MARCH 3 


Chairman—Ralph Marcove, M.D. 

ORTHOPEDIC SYMPOSIUM—Advances in Cryosurgery 
Andrew Huvos, M.D.—Post Cryosurgery Pathology 

Allan E. Inglis, M.D.—Hand Prosthesis 

John Insall, M.D.—Total Knee Replacement 

Chitranjan Ranawat, M.D.—Total Hip Prosthesis 


REGISTRATION FORM 














| Dr. — 
| Address 
I City State Zip 
Members: $35 dues, Pre-Registration $50: Total $85 
—Make check payable to: 


ASCMS 
Room 1629 30 North Michigan Avenue 


l 

l 

l 

l 

l 

l 

l 

At Door Admission $125.00 | 
l 

l 

f 

Chicago, Illinois 60602 | 
l 
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Indications: Primarily for treatment of infections due to susceptible 
strains of Pseudomonas aeruginosa, Proteus species (particularly indole- 
positive strains), and certain Escherichia coli. Clinical effectiveness has 
been demonstrated in the following infections when due to these orga- 
nisms: Urinary tract infections; severe systemic infections and septice- 
mia; acute and chronic respiratory infections (while clinical improvement 
has been shown, bacteriologic cures cannot be expected in patients with 
chronic respiratory disease and cystic fibrosis); soft tissue infections. 


Although GEOPEN (disodium carbenicillin) is indicated primarily in gram- 
negative infections, its activity against gram-positive organisms should 
be kept in mind when both gram-positive and gram-negative organisms 
are isolated (see Actions). 

NOTE: During therapy, sensitivity testing should be repeated frequently 
to detect the possible emergence of resistant organisms. 


Actions: Organisms found to be susceptible /n vitro include: 
GRAM-NEGATIVE ORGANISMS-—Ps. aeruginosa, Proteus mirabilis, Pr. morganil, 
Pr. rettgeri, Pr. vulgaris, E. coli, Enterobacter species, Salmonella species, 
Hemophilus influenzae, and Neisseria species. 

GRAM-POSITIVE ORGANISMS—Staphylococcus aureus (nonpenicillinase- 
producing), Staph. albus, Diplococcus pneumoniae, beta-hemolytic strep- 
tococci, and Streptococcus faecalis. 

Some newly emerging pathogenic strains of Here//ea, Mima, Citrobacter, 
and Serratia have also shown /n-vitro susceptibility. 

Not stable in the presence of penicillinase. Most K/ebsiella species 
are resistant. Some strains of Pseudomonas have developed resistance 
fairly rapidly. 

Contraindications: Known penicillin allergy. 

Warnings: Serious and occasional fatal hypersensitivity (anaphylactic) 
reactions have been reported in patients on penicillin therapy. These 
reactions are more apt to occur in individuals with a history of sensi- 
tivity to multiple allergens. 

Observe patients with renal impairment for bleeding manifestations and 
adhere strictly to dosage recommendations; if bleeding manifestations 
appear, discontinue antibiotic and institute appropriate therapy. 

There have been reports of individuals with a history of penicillin hyper- 
sensitivity reactions who have experienced severe hypersensitivity 
reactions when treated with a cephalosporin. Before therapy with a 
penicillin, careful inquiry should be made concerning previous hyper- 
sensitivity reactions to penicillins, cephalosporins, and other allergens. 
If an allergic reaction occurs, appropriate therapy should be instituted 
and discontinuance of disodium carbenicillin therapy considered, unless 





the infection is life threatening and only amenable to disodium carbeni- 
cillin therapy. The usual agents (antihistamines, pressor amines, and 
corticosteroids) should be readily available. 

Usage in Pregnancy: Safety for use in pregnancy has not been established. 
Precautions: As with any other potent agent, it is advisable to check 
periodically for organ-system dysfunction, including renal, hepatic, and 
hematopoietic systems, during prolonged therapy. Emergence of resist- 
ant organisms, such as Klebsiella species and Serratia species, which 
may cause superinfection, should be kept in mind. Each gram contains 
4.] mEq sodium; in patients where sodium restriction is necessary, 
such as cardiac patients, periodic electrolyte determinations and mon- 
itoring of cardiac status should be made. As with any penicillin prepara- 
tion, the possibility of an allergic response, including anaphylaxis, may 
occur, particularly in a hypersensitive individual. 

Intramuscular injections should be made well within the body of a rela- 
tively large muscle (not into the lower and mid-third of the upper arm), 
and aspiration is necessary to help avoid inadvertent injection into a 
blood vessel. Intravenous infusion should be given as slowly as possible. 
Reconstituted solution should be discarded after 24 hours if stored at 
room temperature, after 72 hours if refrigerated. 

Adverse Reactions: Hypersensitivity Reactions—Skin rashes, pruritus, 
urticaria, drug fever, and anaphylactic reactions. Gastrointestinal Distur- 
bances—Nausea. Hemic and Lymphatic Systems —Anemia, thrombocytopenia, 
leukopenia, neutropenia, and eosinophilia. Blood, Hepatic, and Renal 
Studies—SGOT and SGPT elevations have been observed, particularly in 
children. To date, no clinical manifestations of hepatic or renal disorders 
have been demonstrated. Centra/ Nervous System—Convulsions or neuro- 
muscular irritability could occur with excessively high serum levels. 
Üther—Pa n at the site of injection, rarely accompanied by induration; 
in uremic patients receiving high doses (24 gm/day), hemorrhagic 
manifestations associated with abnormalities of coagulation tests, such 
as clotting and prothrombin time. Vein /rritation and Phlebitis—Partic- 
ularly when undiluted solution is injected directly into the vein. 


How Supplied: Available in 1-gm, 2-gm, and 5-gm vials. 
Before prescribing or administering, see package circular or PDR. 


ROeRIG GD 


A division of Pfizer Pharmaceuticals 
New York, New York 10017 





cephalexin monohydrate 


now costs 
less 






{eephalexin monohydrate 
equivalent to 250 mg. cephalexin) 


*On the basis of price reduction by i dd : 
Eli Lilly and Company to distributors. Lilly 
Reductions vary by dosage form. Reductions Donets 
on Identi-Dose" (unit dose medication, Lilly) Additional information available to the profession on request. 
packages are 13%-14%. Eli Lilly and Company * Indianapolis, Indiana 46206 





M cos 
se Warren-Teed Introduces 
a, fl a New Multi-Use 


* 


en 
—| 


> Nutritional Support 
N System 


rd 
Unique, palatable, low 
9 ps residue food that provides 
' total nutritional 
"ta management of patients 
who cannot ingest, digest, 
chew or readily assimilate 
ordinary foods. 


Residue 
Food 


The first in a new class of 
superior nutritional specialties 
from Warren-Teed. 


Low Residue Fully absorbed in the upper 
gastrointestinal tract... making it especially 
useful for nutritional support of pre- and 
post-op patients and in many G.I. situations 


where nutritional needs cannot be met 
by solid foods. 


Nutritionally Complete Meets all known 
requirements for adult nutrition. Includes 
vitamins, minerals, simple carbohydrates, 
essential fat plus a distribution of essential 
and non-essential amino acids approximating 
that of whole egg, a protein of highest 
biological quality. 

_ Hearty "Real Food" Flavors The best food 
flavoring that modern technology can 
provide. WT"Low Residue Food is available 
in three palatable flavors — beef bouillon, 
chicken broth, and tomato. 


Lower Cost Provides savings for hospital and 
patient over comparable low residue regimens. 


m WARREN-TEED ^ 

Lp PHARMACEUTICALS INCORPORATED 

af SUBSIDIARY OF ROHM AND HAAS COMPANY 
COLUMHBUS, 


OHIO 43216 





memory of 
yesterday's 
pain... 


—— M al 





apprehension over 
tomorrow's 
g pain- 


For the patient with a terminal illness, PAIN past, 
present, and future can dominate his thoughts 
until it becomes almost an obsession. The more he 
is aware of the pain he is now experiencing, the 
more difficult it is to erase his memory of yester- 
day's pain, and to allay his fearful anticipation 

of tomorrow's pain. 


Surely the last thing this patient needs is an 
analgesic containing caffeine to stimulate the 
senses and heighten pain awareness. A far more 
logical choice is Phenaphen with Codeine. The 
sensible formula provides 1⁄4 grain of phenobarbital 
to take the nervous "edge" off, so the rest of the 
formula can help control the pain more effectively. 
Don't you agree, Doctor, that psychic distress 

is an important factor in most of your terminal 

and long-term convalescent patients? 


the analgesic formula that calms instead of caffeinates 


Phenaphen with Codeine No. 2, 3, or 4 contains: Phenobarbital 


(4 gr.), 16.2 mg. (warning: may be habit forming); Aspirin ( gr.) 
162.0 mg.; Phenacetin (3 gr.), 194.0 mg.; Codeine phosphate, % gr 
(No. 2), % gr. (No. 3) or 1 gr. (No. 4) (warning: may be habit forming) 
Indications: Provides relief in severer grades of pain, on low 


codeine dosage, with minimal possibility of side effects. Its use 
frequently makes unnecessary the use of addicting narcotics 
Contraindications: Hypersensitivity to any of the components 
Precautions: As with all phenacetin-containing products, excessive 
or prolonged use should be avoided. Side effects: Side effects 

are uncommon, although nausea, constipation and drowsiness 
may occur. Dosage: Phenaphen No. 2 and No. 3—1 or 2 capsules 
every 3 to 4 hours as needed; Phenaphen No. 4—1 capsule every 
3 to 4 hours as needed. For further details see product literature 


a Phenaphen with Codeine is now classified in Schedule III, 

Controlled Substances Act of 1970. Available on written or 
oral prescription and may be refilled 5 times within 6 months 
unless restricted by state law 


A. H. Robins Company, Richmond, Va. A-H-ROBINS 








Nowadays, no matter where the 
For surgeons incision, the scar is likely to be 
a on public view. Help make it a 
who believe 


beautiful one with the aid of 


@ & * e 
in bikinis. PROLENE Suture, the mono- 


filament whose smoothness is à 





@ETHICON, INC. 1972 154472 





real help in tissue approximation. 
The inert suture that glides so 

easily through tissue that pull-out — 
is easy for you...easy on the patient. 


PROLENE 


TRADEMARK 


Polypropylene Suture 





SIMPLICITY, EFFICACY, VERSATILITY ON THE SURGICAL SERVICE... 


take advantage of t 





Experience on the surgical 
servicein postoperative sepsis and 
Gram-negative pneumonias has led 
many clinicians to consider Kantrex 
(kanamycin sulfate) a drug of 
choice in susceptible Gram-nega- 
tive infections with or without 
shock or septicemia '3(Pseudo- 
monas are resistant). In the pres- 
ence of endotoxic shock?? and to 
prevent progression of sepsis to 
shock, prompt use of Kantrex is 
recommended— often before ob- 
tainina susceotibilitv test results. 


heKKantrex experience 
KANAMYCIN SULFATE 


KANAMYCIN SUL 
CTION 


Eleven years of efficacy in 
susceptible infections at many 
sites, in almost any type of patient, 
comprise the Kantrex experierice. 
Kantrex coverage includes most 
Gram-negative bacilli and most 
staphylococci (Pseudomonas are 
resistant). Rapid absorption and dif- 
fusion of Kantrex to sites through- 
out the body should provide prompt 
therapeutic response in 24-48 
hours. If no response occurs within 
3-5 days, stop therapy and recheck 
bacterial susceptibilities. 


One simple standardized 
dose forany patientis another facet 
of the Kantrex experience. It means 
you can prescribe Kantrex at 7.5 
mg./Kg., I.M., q. 12 h., in patients 
with normal renal function. And to 
reduce the risk of oto- and nephro- 
toxicity in patients with impaired 
renal function, the same dose ap- 
plies while the time interval be- 
tween doses increases. Simply fol- 
low the “creatinine x 9” formula.* 


*For example: If routine serum creatinine measure- 


ment is 6 mg. /100 ml., multiply by 9; the interval 
between Kantrex doses is 54 hours 





Kantrex experience in postsurgical 
infections. However, because the 
risk of ototoxicity does exist, daily 
Kantrex dose should not exceed 
1.5 Gm., and total therapy should 
not surpass 15 Gm. or 15 days. 


BRIEF SUMMARY OF PRESCRIBING INFORMATION 
(9) 7/27/71 

For complete information, consult Official Package 
Circular. 





Warning: The major toxic effect of parenterally 
administered kanamycin sulfate is its action on 
the auditory portion of the eighth nerve. High 
frequency deafness usually occurs first and can 
be detected by audiometric testing. Tinnitus or 
vertigo may occur and are evidence of vestibular 
injury and impending bilateral, irreversible deaf- 
ness. In such cases, decrease size and frequency 
of doses. Discontinue kanamycin and check hear- 
ing if azotemia increases. Watch carefully for oto- 
toxicity in older patients and patients receiving 
more than 15 Gm. of kanamycin. To avoid neuro- 
muscular paralysis with respiratory depression, 
postpone intraperitoneal instillation in postoper- 
ative patients until recovery from anesthesia and 
muscle relaxants is complete. Avoid concurrent 
use of other ototoxic drugs including ethacrynic 
acid and furosemide. Safety in pregnancy is not 
established. 











Indications: Serious infections dueto susceptible strains 
of E. coli, Proteus sp., Enterobacter aerogenes, K. pneu- 
moniae, Serratia marcescens and Mima-Herellea. Cul- 
ture and sensitivity studies should be performed. 
Contraindications: A history of hypersensitivity to the 
drug. Prior auditory damage by kanamycin or other 
agents may be a contraindication if effective, alterna- 
tive therapy is available. 

Precautions: Obtain audiograms before and during 
therapy in patients with renal dysfunction when treat- 
ment lasts more than 5 days. Stop Kantrex if tinnitus 
or hearing loss occurs. Hydrate patients to prevent 
chemical irritation of the renal tubules. Assess renal 
function periodically, both before and during therapy. 
If signs of renal irritation occur (casts, cells, protein- 
uria) increase hydration and reduce the dosage or the 
frequency of dosage if necessary. In azotemic patients, 
the frequency (in hours) of doses may be obtained by 
multiplying the serum creatinine by 9. If azotemia or 
Oliguria occur, discontinue therapy. Mycotic or bacte- 
rial superinfection may occur. 

Adverse Reactions: Irritation or pain at the injection 
Site, skin rash, drug fever, headache and paresthesias. 
Dosage and Administration: The usual dose is 7.5 mg./ 
Kg./ 12 hours I.M. The average dose is 1 Gm. daily for 
adults and children. The maximum total daily adult dose 
should not exceed 1.5 Gm. by all routes of administra- 
tion. Uncomplicated infections due to sensitive orga- 
nisms should respond in 24 to 48 hours. If no response 
occurs in 3 to 5 days, stop therapy and recheck the 
bacterial sensitivities. Hydrate patients well to mini- 
mize renal irritation. Inject deeply into the upper outer 
quadrant of the gluteal muscle. Discard partially used 
vials after 48 hours. The drug should not be physically 
mixed with other antimicrobials. 

Supplied: Rubber capped vials as a ready-to-use sterile 
aqueous solution in two concentrations; 0.5 Gm. in 
2 ml., 1.0 Gm. in 3 ml. Also available—Pediatric In- 
jection 75 mg. in 2 ml. A.H.F.S. Category 8:12.28 





References: 1. Murdoch, J. McC., et al.: Ann. New York 
Acad. Sc. 732:842 (June 14) 1966. 2. Rutenburg, 
A. M.: /bid., p. 824. 3. Foster, F. P.: M. Clin. North 
America 53:437 (March) 1969. 


Kantrex’ 
KANAMYCIN SULFATE 


Injection 


BRISTOL LABORATORIES 
BRISTOL Division of Bristol-Myers Company 


Svraciise New York 12201 


TO TREAT OR 
PREVENT NEGATIVE 
NITROGEN BALANCE 


*With adequate calories and other nutrients, 
when oral alimentation is not feasible for 
prolonged periods and/or there is impaired 
gastrointestinal absorption of protein. 





INTRODUCING 


FreAmineé 


life-supporting IV. nutrition: 
with pure crystalline 
amino acids. 


FreAmine is the product of 10 years of research. It is 
the most concentrated source of naturally occurring, 
biologically available amino acids obtainable for I.V. 
nutrition. FreAmine is life-supporting—promotes 
anabolism and tissue synthesis when used in total 
parenteral nutrition, even during extended periods. 
FreAmine advantages include the following: 


* Purity: Immediate biologic availability—contains no 
peptides. 

* Concentration: 8.5% FreAmine, when mixed in a 1 to 1 
ratio with 50% Dextrose in Water, provides 6.25 g. of 
completely utilizable nitrogen plus 39 g. of protein equiv- 
alent per 1,000 ml., and 850 nonprotein calories. 

* Recognized Protein Standards: FreAmine formula is based 
on two internationally accepted standards: Rose's recom- 
mended daily allowances of essential amino acids, and hen's 
egg, the World Health Organization's protein standard. 

* Balance: FreAmine contains 8 essential and 7 nonessential 
amino acids for optimum nitrogen balance and protein 
synthesis. 

* Nontoxicity: No allergic or sensitivity reactions have been 
reported. Contains no glutamic or aspartic acids, which 
have been shown to cause nausea and vomiting. 


Further information and literature can be obtained 
from your McGaw representative. 


TWith adequate calories and other nutrients, when oral alimentation is not feasible for 
prolonged periods and/or there is impaired gastrointestinal absorption of protein. 


McGAW LABORATORIES 


Division of Americon Hospital Supply Corporation 
Glendale, California - Milledgeville, Georgia 


DESCRIPTION: Each 100 ml. contains: FreAmine Amino 
Acid Mixture*, 8.5 g.; Sodium Bisulfite, U.S.P., less than 
0.10 g.; Water for Injection, U.S.P., q.s., pH adjusted 
with acetic acid (approximately 20 mEq./1. Acetate). 
Approximate concentration of amino acids (g./100 ml.): 
Essential Amino Acids: r-Isoleucine 0.59; t-Leucine 0.77; 
L-Lysine HCI 0.77; Methionine 0.45; t-Phenylalanine 0.48; 
L-Threonine 0.34; L-Tryptophan 0.13; L-Valine 0.56. 
Nonessential Amino Acids: r-Alanine 0.60; r-Arginine 
0.31; t-Histidine 0.24; L-Proline 0.95; r-Serine 0.50; 
Aminoacetic Acid (Glycine) 1.8; t-Cysteine « HCl + H,O 
<0.02. Alpha amino nitrogen greater than 80% of total 
nitrogen present. Concentration of Electrolytes (mEq./1.): 
Sodium 10, Chloride 45. 


8.5% FreAmine Solution is a sterile, nonpyrogenic solu- 
tion containing pure crystalline amino acids. A 500 ml. 
unit provides a total of 39 g. of protein equivalent and 
6.25 g. of nitrogen. 

ACTIONS: 8.5% FreAmine Solution provides, in concen- 
trated form, a physiological ratio of completely utilizable 
amino acids for protein synthesis. Used with concentrated 
carbohydrate solutions, e.g., 20 to 50% dextrose solutions, 
as a source of calories plus electrolytes and vitamins, it 
provides total parenteral nutrition. 


INDICATIONS: As an adjunct in the prevention of nitro- 
gen loss, or in the treatment of negative nitrogen balance 
in patients where: (1) oral alimentation is not feasible for 
prolonged periods, and (2) there is impaired gastrointes- 
tinal absorption of protein. 

CONTRAINDICATIONS: 1. Anuria; 2. Hepatic coma. 


WARNINGS: 1. Administration of amino acids to a pa- 
tient with hepatic insufficiency may result in a rise in 
blood ammonia. 2. Administration of amino acids in the 
presence of impaired renal function may augment an in- 
creasing blood urea nitrogen. 3. It is essential to provide 
adequate calories if parenterally administered amino acids 
are to be retained by the body and utilized for protein 
synthesis. Calorie-to-nitrogen ratios of 125 to 150 calories 
per gram of nitrogen have been recommended to achieve 
positive nitrogen balance in traumatized patients, for ex- 
ample, surgical cases. 50% Dextrose in Water is a con- 
venient source of adequate calories. 4. FreAmine has not 
been used in pregnant women; therefore, its safe use in 
such patients has not been demonstrated. 


PRECAUTIONS: 1. Whenever possible, 8.596 FreAmine 
Solution and its associated calorie solution should be ad- 
ministered through an indwelling intravenous catheter 
with the tip located in the vena cava or right atrium. 
2. During prolonged therapy, clinical evalution and peri- 
odic laboratory determinations are necessary. 


ADVERSE REACTIONS: Rarely, minor local reactions 
consisting of a warm sensation and erythema when the 
solution is administered by peripheral vein. 


DOSAGE AND ADMINISTRATION: The total daily dose 
of 8.5% FreAmine Solution depends on daily protein re- 
quirements and on the patient's response, which is deter- 
mined by clinical judgment aided by such laboratory data 
as nitrogen balance and serum protein levels. Recom- 
mended daily allowances of protein are approximately 
0.9 g. (12 ml.**) per kg. of body weight for a healthy 
adult and 1.4 to 2.2 g. (18 to 28 ml.**) per kg. for healthy 
growing infants and children. Thus, doses of 370 ml. and 
840 ml. of 8.5% FreAmine Solution would provide the 
recommended daily allowances of protein for a normal 
16 kg. (35 lb.) child and 70 kg. (154 Ib.) adult respectively. 


Protein requirements in traumatized or malnourished pa- 
tients may, however, be substantially increased. The 
determination of nitrogen balance is probably the best 
means of accurately assessing individual protein require- 
ments. Daily doses ranging from 15 to 24 ml. (1.2 to 
1.9 g.) per kg. of body weight are generally sufficient in 
such patients to satisfy protein needs and promote posi- 
tive nitrogen balance although up to 45 ml. per kg. have 
been administered in special cases. 


For optimum amino acid retention and utilization, 8.596 
FreAmine Solution should be administered at a rate of 
approximately 1 ml. per kg. of body weight per hour. At 
this rate a 70 kg. patient would receive 500 ml. in an 
eight-hour period. The administration rate should never 
exceed 2 ml. per kg. per hour. 
Whenever possible, 8.596 FreAmine Solution and its asso- 
ciated calorie solution should be administered through an 
indwelling intravenous catheter with the tip located in the 
vena cava or right atrium. 
ROUTE: Intravenous. 
CAUTION: Federal (U.S.A.) law prohibits dispensing 
without prescription. 
HOW SUPPLIED: 8.5% FreAmine Solution is supplied 
sterile and nonpyrogenic in 500 ml. intravenous infusion 
bottles. 
"Crystalline amino acid mixture, isolated and purified 
from edible soybean hydrolysate or synthesized. 
**Based on protein equivalent of 39 g. per 500 ml. of 8.5% 
FreAmine Solution. 





unique mucoadhesive foam 


abetter way to 
medicate the mucosa 


...after surgery 

Local steroid-analgesic therapy has not quite fulfilled its 
promise to proctology, because dosage forms often limit 
therapeutic success: conventional ointments and suppositories 
tend to under- or overshoot the most common operative sites— 
the anal canal and lower rectum.!-9 By assuring more thorough 
coverage of the definitive pathologic sites... 

Proctofoam-HC? offers greater promise of a short and 
pain-free postoperative period 

» better contact with the involved tissues;1-6 spreads evenly 
throughout the anal canal, rectal crypts, papillae, and 
hemorrhoidal sites 

e faster wound healingt-3.5 (2V2 to 3 weeks instead of an 

expected 32 to 4 weeks)5 
455 * less scar formation—wounds were more 
^ pliable, with clean, healthy-looking 

granulating tissue!-3 
* less edema, inflammation, swelling, itching, 
pain, and tenesmus! 3.5.6 
e preferred by patients to other forms of 
therapy!-4.5 







in postoperative therapy, £ 
hemorrhoids, proctitis, 46 
cryptitis, fissures, s. 
and pruritus ani 


Reed & Carnrick/Kenilworth, N.J. 07033 


Proctofoam-HC 


antiinflammatory/antipruritic/ analgesic 

Each measured dose (approx. 6.5 ml.) delivers hydrocortisone acetate 
1%, pramoxine hydrochloride 1%, in a water-soluble, mucoadhesive 
foam base 


in postoperative 
therapy, 
hemorrhoids, 
proctitis, 
cryptitis, 
fissures, 


— PRESERVE and PROTECT 
Proctofoam-HC YOUR COPIES OF 


Active Ingredients: Hydrocortisone acetate, 
196, and pramoxine hydrochloride, 196, in 


a mucoadhesive foam base. 

Indications: Temporary relief of anorectal AN NALS of S U RG E RY 
inflammation, pruritus, pain and swelling 
associated with hemorrhoids, proctitis, 
cryptitis, fissures, postoperative pain and 
pruritus ani. 

Contraindications: Abscess, extensive 
fistulas or sinus tracts, tuberculosis, varicella, 
vaccinia or acute herpes simplex. : , 
Precautions: A complete rectal examination These file boxes are designed and cus- 


to rule out serious pathology should be com- tom-made to keep your copies orderly, 


pleted before instituting therapy. Do not use : : 
on infected lesions unless accompanied by readily accessible and clean. 


antiinfective agents. Discontinue use if 
sensitivity develops. Jat ’ 
Caution: Do not insert any part of the aerosol . Durable book binder’s board covered 
container into the anus. Contents of the con- with scuff-resistant, washable Leathertex. 


tainer are under pressure, but not flammable. Lettering embossed in 23-Karat gold leaf. 
Dosage: One applicatorful two or three times 
daily and after each bowel evacuation. 
Perianally, apply as needed. 

How Supplied: In aerosol container providing 
15 Gms. of medication (approx. 25 appli- 
cations) with special rectal applicator and 
patient instructions. 

References: 1. Bernstein, l.: Surg. Dig. 4:23, 
Jan. 1969. 2. Sladek, W. R.: Scientific exhibit 
presented at 69th Annual Meeting of American 
Proctologic Society, Hollywood, Fla., April 
12-16, 1970. 3. Sladek, W. R.: Amer. J. Clin. 
Res. 1:33, Jan.-Feb. 1970. 4. O'Brien, J. R.: 
Surg. Dig. 4:27, April 1969. 5. Miller, H.: 
Amer. J. Proctol. 18:59, Feb. 1967. 6. Lieber- 
man, W.: Amer. J. Proctol. 20:134, April 1969. 


Now, your journals can become a hand- 
some addition to your professional library. 





Jesse Jones Box Corp. (since 1843) 
Dep't. JBLA—Phila., Pa. 19141 


Gentlemen: Kindly send me: 
Reasonably priced, too. Only $4.25 ea. (] 
3 for $12.00[] 6 for $22.00 [Fj 
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| ( Check enclosed (Make check payable to: 

I Jesse Jones Box Corp., Box 5120, Phila., Pa. 
19141) 
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Reed & Carnrick/ Kenilworth, N.J. 07033 
Name 
Address 
City/State/Zip 
Shipped postpaid U.S. only 
Satisfaction unconditionally guaranteed 


or your money back. 


theres a 
reall OT een oe 
OX WX 


Kand K, 


ag There can be no question that phytonadione 
[vitamin Kı] is the drug of choice and 
the only drug recommended to reverse an 
excessive degree of [oral anticoagulant- 
Induced] hypoprothrombinemia. oF 


dall, J.A.: Don’t use the “oe RU K, 
Cat ‘Med. 112:65- 67, April, 


INJECTION, 2 mg or 10 mg per cc 


quaMEPHY TON 


OE IMSD) 


PHY Colloidal Solution of Vitamin K, 





offers more prompt and 
predictable correction of 

wee excessive hypoprothrombinemia 
induced by oral anticoagulants 







For a brief summary of prescribing information, please see facing page. 


The logic of specifying vitamin K, 
(phytonadione) instead of “vitamin K” 


1. Although they are loosely referred to as 
"vitamin K," actually menadione, menadiol, and 
their water-soluble salts are analogs with 
vitamin K-like activity. Since they lack the phytyl 
side chain, they are less effective as a corrective 
of the hypoprothrombinemic bleeding induced 
by oral anticoagulants. 


2. Only vitamin K; (phytonadione) has this 

phytyl side chain. Therefore, vitamin K; 
(phytonadione) is the preferred agent as a specific 
antidote to the oral anticoagulants. 


Warnings: In anticoagulant-induced hypoprothrombinemia, overzeal- 
ous therapy may restore conditions which originally permitted throm- 
boembolic phenomena; keep dosage as low as possible and check 
prothrombin time regularly. Phytonadione will not counteract the 
anticoagulant action of heparin. 


Precautions: Avoid rapid intravenous injection; intravenous adminis- 
tration, when warranted, must not exceed a rate of 5 mg per minute. 


Temporary resistance to prothrombin-depressing anticoagulants may 
result, especially when larger doses of phytonadione are used; when 
reinstituting anticoagulant therapy after relatively large doses of 
phytonadione, it may be necessary to use somewhat larger doses of 
the prothrombin-depressing anticoagulant, or to use one which acts 
on a different principle, such as heparin sodium. 

The aqueous colloidal solution for injection should not be diluted with 
other than the recommended diluents. When dilutions are indicated, 
administer immediately after mixture with diluent, and discard un- 
used portions of the dilution as well as unused contents of the ampul. 
Store in a dark place and protect from light at all times, even after 

ilution. 


Adverse Reactions: Rarely, severe reactions, including shock, have 
occurred with rapid intravenous administration. Transient “flushing 
sensations” and “peculiar” sensations of taste have been observed, 
as well as rare instances of dizziness, rapid and weak pulse, profuse 
sweating, brief hypotension, dyspnea, and cyanosis. Occasionally, 
pain, swelling, and tenderness at the injection site may occur. The 
possibility of allergic sensitivity, including an anaphylactoid reaction, 
should be kept in mind. 

Hyperbilirubinemia has been observed rarely in the newborn following 
administration of phytonadione in a dose of 25 mg. However, at the 
usual prophylactic dose of 1 mg, this has not occurred. Kernicterus 
has not been reported following administration of the aqueous col- 
loidal solution at any therapeutic dose level. 

How Supplied: Injection AquaMEPHYTON (Phytonadione, MSD)— 
yellow, sterile, aqueous, colloidal solution containing in each cc: 
phytonadione (vitamin K,), 2 mg or 10 mg; 70 mg polyoxyethylated 
fatty acid derivative, 37.5 mg dextrose, and 0.996 benzyl alcohol. In 
0.5-cc ampuls containing 1 mg vitamin K,, and in 1.0-cc ampuls and 
2.5- and 5.0-cc multiple-dose vials containing 10 mg vitamin K, per 
cc. Also Supplied: Tablets MEPHYTON (Phytonadione, MSD)—5 mg, 
yellow, scored tablets in bottles of 100. 


For more detailed information, consult your MSD rep- MSD 
resentative or see full prescribing information. Merck IERGK 
Sharp & Dohme, Division of Merck & Co., Inc., West A i 
Point, Pa. 19486 OHM 


Illustrated below are several 
factors which can also 
induce or intensify 
hypoprothrombinemia. 


While they by no means make 
hypoprothrombinemia 
inevitable, the presence of 

any one of these may warrant 
evaluation of prothrombin time. 


obstructive jaundice 


malabsorption syndrome 


steatorrhea 


ulcerative colitis 


i ; 
— 
antibacterial therapy A E 
—— 


salicylates, 
propylthiouracil, and others 








& A may be a common surgical procedure, 

but it is not necessarily a minor procedure 
for the anesthesiologist. And, certainly, spinal 
fusion to correct scoliosis is a long and often com- 
plicated procedure for both surgeon and anes- 
thesiologist. 

From a T & A to the complexity of spinal 
fusion, FLUOTHANE (halothane) anesthesia offers 
important characteristics which are adaptable to 
the needs of many surgical procedures. For ex- 


fromT&A... 


ample, in T & A and other ENT surgery, the 
ease with which the plane of anesthesia is deep- 
ened or lightened may be of special significance 
because of the small body size of the pediatric 
patient. And, in prolonged surgery such as spinal 
fusion, there is minimal cardiorespiratory de- 
pression with FLuoTHANE—an important anes- 
thetic requirement, 

From T & A to spinal fusion, FLUOTHANE 
is the most widely used inhalant anesthetic... 


to spinal fusion 


with good reason. 


o nonflammable, nonexplosive 

O permits use of high concentrations of oxygen 

n allows free use of cautery for more adequate 
control of bleeding 

O minimal odor facilitates smooth, rapid induc- 
tion without engendering patient distress 

early obtundation of pharyngeal and laryngeal 
reflexes facilitates intubation—effects which 





persist throughout light planes of maintenance 
D nonirritating to air passages—does not provoke 
laryngospasm, retching, coughing 

o lessens airway problems 

D permits rapid changes in depth of anesthesia 

O emergence is rapid and tranquil with quick 
recovery of protective reflexes 

o minimal nausea and vomiting—shorter 
recovery room stay 


FLUOTHANE 


brandof HALOTHANE 


the most widely used inhalant anesthetic 


from 


„for precision, experience, and quality. 


(See last page of advertisement for Brief Summary.) 


BRIEF SUMMARY 
(For full prescribing information, 
see package circular.) 
FLUOTHANE? (HALOTHANE) 
FLUOTHANE is nonflammable, and its 
vapors mixed with oxygen in propor- 
tions from 0.5 to 50 per cent (v/v) are 
not explosive. FLUOTHANE does not de- 
compose in contact with warm soda 
lime. When moisture is present, the 
vapor attacks aluminum, brass, and 
lead, but not copper. FLUOTHAN 
ble in rubber, some plastics, and similar 
materials; such materials will deterior- 
ate rapidly in contact with FLUOTHANE 
vapor or liquid. Stability of FLUOTHANE 
is maintained by the addition of 0.01 
per cent thymol (w/w), and storage is in 
amber colored bottles. 

FLuoTHANE should not be kept in- 


solu- 








definitely in vaporizing bottles not spe- 
cifically designed for its use. It is recom- 
mended that vaporizers be emptied at the 
end of each operating day. Thymol does 
not volatilize along with FLUOTHANE, and 





therefore accumulates in the vaporizer, 
and may, in time, impart a yellow color 
to the remaining liquid or to wicks in 
vaporizers. The development of such dis- 
coloration may be used as an indicator 
that the vaporizer should be drained and 
cleaned, and the discolored FLUOTHANE 
discarded. Accumulation of thymol may 
be removed by washing with diethyl 
ether. After cleaning a wick or vapor- 
izer, make certain all the diethyl ether 
has been removed before reusing the 
equipment to avoid introducing ether 
into the system. 

Actions. FLUOTHANE is an inhalation 
anesthetic. Induction and recovery are 
rapid and depth of anesthesia can be 
rapidly altered. FLUOTHANE progres- 
sively depresses respiration. There may 
be tachypnea with reduced tidal volume 
and alveolar ventilation. FLUOTHANE 
is not an irritant to the respiratory tract, 
and no increase in salivary or bronchial 
secretions ordinarily occurs. Pharyngeal 
and laryngeal reflexes are rapidly ob- 
tunded. It causes bronchodilation. Hy- 
poxia, acidosis, or apnea may develop 
during deep anesthesia. 


FLUOTHANE® (HALOTHANE) IS AVAILABLE IN THE UNITED STATES BY ARRANGEMENT WITH IMPERIAL CHEM CAL INDUSTRIES, LTD. 


FLuoTHANE (halothane) reduces the 
blood pressure, and frequently decreases 
the pulse rate. The greater the concen- 
tration of the drug, the more ev.dent 
these changes become. Atropine may re- 
verse the bradycardia. FLUOTHANE does 
not cause the release of catecholaraines 
from adrenergic stores. FLUOTHANE also 
causes dilation of the vessels of the skin 
and skeletal muscles. Cardiac arrhyth- 
mias may occur during FLUOTHANE anes- 
thesia. These include nodal rhythm, AV 
dissociation, ventricular extra systoles 
and asystole. FLUOTHANE sensitizes the 
myocardial conduction system to the ac- 
tion of epinephrine and norepine- 
phrine, and the combination may cause 
serious cardiac arrhythmias. FLUOTHANE 
increases cerebral spinal fluid pressure. 
FLUOTHANE produces moderate muscu- 
lar relaxation. Muscle rel 





ints are 
used as adjuncts in order to maintain 
lighter levels of anesthesia. FLUOrHANE 
augments the action of nondepolarizing 
relaxants and ganglionic blocking 
agents. FLUOTHANE is a potent uterine 
relaxant, 

Indications. FLUOTHANE is indicated for 
the induction and maintenance of gen- 
eral anesthesia. 





Contraindications. FLUOTHANE should 
be avoided when a previous exposure 
was followed by fever and jaundice, or 
when there was an unexplained pastop- 
erative fever. FLUOTHANE (halothane) 
is not recommended for obstetrical an- 
esthesia except when uterine relaxation 
is required. 

Warnings. FLuotHane should be used 
in vaporizers that permit a reasonable 
approximation of output, and prefer- 
ably of the calibrated type. The vapori- 
zer should be placed out of circuit in 
closed circuit 
otherwise overdosage is difficult to avoid. 


rebreathing systems; 


The patient should be closely observed 
for signs of overdosage, i.e., depression 
of blood pressure, pulse rate, and venti- 
lation, particularly during assisted or 
controlled ventilation. 

Usage in Pregnancy: Safe use of 
FLUOTHANE has not been established 
with respect to possible adverse eTects 
upon fetal development. Therefore, 
FLUOTHANE should not be used in 
women where pregnancy is possible and 
particularly during early pregnancy, 
unless, in the judgment of the physician, 
the potential benefits outweigh the un- 
known hazards to the fetus. 
Precautions. Cirrhosis or other abnor- 
malities involving liver dysfunction, in- 
cluding a history of viral hepatitis, may 
be a basis for selecting an anesthetic 
other than a halogenated agent. 

The uterine relaxation obtained with 


FLUOTHANE, unless carefully controlled, 
may fail to respond to ergot derivatives 
and oxytocic posterior pituitary extract. 

FLUOTHANE increases cerebrospinal 
fluid pressure. Therefore, in patients with 
markedly raised intracranial pressure, 
if FLUOTHANE is indicated, administra- 
tion should be preceded by measures 
ordinarily used to reduce cerebrospinal 
fluid pressure. Ventilation should be 
carefully assessed, and it may be nec- 
essary to assist or control ventilation to 
insure adequate oxygenation and car- 
bon dioxide removal. 

Epinephrine or norepinephrine 
should be employed cautiously, if at all, 
during FruorHANE (halothane) anes- 
thesia since their simultaneous use may 
induce ventricular tachycardia or fibril- 
lation. 

Nondepolarizing relaxants and gan- 
glionic blocking agents should be ad- 
ministered cautiously, since their actions 
are augmented by FLUOTHANE. 
Adverse Reactions. The following ad- 
verse reactions have been reported: 
hepatic necrosis, cardiac arrest, hypo- 


tension, respiratory arrest, cardiac ar- 


rhythmias, hyperpyrexia, shivering, 
nausea, and emesis. 





Dosage and Administration. FLUOTHANE 
may be administered by the nonre- 
breathing technic, partial rebreathing, 
or closed technic. The induction dose 
varies from patient to patient. The 
maintenance dose varies from 0.5 per 
cent to 1.5 per cent. 

How Supplied. No. 3125—Unit pack- 
ages of 125 cc. and 250 cc. of halothane 
stabilized with 0.01% thymol (w/w). 


FLUOTHANE 
(HALOTHANE) 

the most widelyused 
inhalant anesthetic... 
from 
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Clinical Transplantation of the Heart 


EUGENE DONG, JR., M.D., RANDALL B. GRIEPP, M.D., 


EDWARD B. STINSON, M.D., NORMAN E. SHUMWAY, M.D. 


w^ Co. DISEASE represents the leading cause of death 


in the United States!* Many surgical procedures 
have been introduced which incrementally have been 
demonstrated to be therapeutic: closed and open repair 
of congenital heart disease, rheumatic and arterio- 
sclerotic valvular replacement, and the current experi- 
ence with myocardial revascularization and coronary 
artery bypass operation. The surgical treatment of 
coronary artery disease with infarction includes aneu- 
rysmectomy, repairs of papillary muscle dysfunction, 
and ventricular septal defect closure. Most difficult, 
however, has been a surgical solution for patients with 
mechanical failure, specifically those with primary 
myopathy or diffuse infarction due to coronary artery 
disease. Current proposals include assist devices as well 
as total replacement either by transplantation or with 
a mechanical device. Despite significant and widespread 
interest in mechanical devices, design factors for con- 
trol, power, and biocompatible materials, cost of pro- 
duction for energy sources, and reliability make the 
issue of a total replacement device real only on a time- 
scale of a decade, if indeed that soon. On the other 
hand, heart transplantation is available now. Many, but 
not all of the fundamental questions with respect to 
feasibility of the procedure in canines were studied over 
the past few years going back to 1959, including surgical 
technic,® cardiac preservation,’ diagnosis of rejection,'? 
hemodynamics despite denervation,*5 and selective im- 
munosuppression." Other questions which were to be 
extrapolated to the heart experience were studied in 
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animal models and clinical renal transplantation. The 
technical feasibility of heart transplantation had also 
been demonstrated in humans along with the occasional 
long-term surviving patient. 

The therapeutic value of heart transplantation has 
remained clouded, in part due to the initial massive 
failure when introduced clinically. We believe, how- 
ever, significant progress has been made since 1967. 
both specifically in heart transplants in terms of selec- 
tion, treatment and survival, and in the results of orgar 
transplantation generally? It is our purpose, then, tc 
review the clinical experience in heart transplantation 
at Stanford University Hospital, and to point out the 
role of the procedure at this time in the treatment ol 
seriously ill patients with irreparable myocardial disease. 


Patient Selection 


Patients referred for cardiac transplantation are eval 
uated for etiology and degree of cardiac disease, and 
for the presence of medical and psychological con. 
traindications. The cardiologic aspects in the evaluatior 
of these patients are carried out by the Division ol 
Cardiology. These aspects include history, physical ex 
amination, hematologic and biochemical screening. Car. 
diac catheterization and angiography are performec 
when the patients status permits. After consideratior 
of all the factors, a decision is made whether or not the 
patient should undergo transplantation. If the patient 
is acceptable, his name is placed upon a list to awail 
an appropriate donor. Initially, selection was also based 
upon histocompatibility grading when the donor wa: 
available. This is no longer mandatory. 

The fundamental considerations which have come intc 
focus are—1) is the patient's illness advanced to the 
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degree that the procedure is warranted?; and 2) are 
there any other procedures which might be carried out? 
These are judgments which have not yet been quan- 
titated. 


Operative Technic 


The surgical technic has varied somewhat over the 
time span of this report. At present the heart is exposed 
through a median sternotomy. The vena cavae are can- 
nulated through separate pursestrings at the right atrial- 
superior vena caval junction. Thus, the inferior cannula 
courses through the right atrium to the IVC. The 
arterial return is to the ascending aorta. After occlusion 
of the ascending aorta, the heart is removed by transect- 
ing the atria dorsal to the atrial appendices and the 
great vessels distal to the valvular commissures. 

The donor heart is simultaneously exposed and re- 
moved in an adjacent operating room. The vena cavae, 
aorta, and pulmonary artery are mobilized. At the time 
of removal, the superior vena cava is divided between 
ligatures, the inferior vena cava at the diaphragm, the 
pulmonary artery at the bifurcation, the aorta close to 
the innominate artery, and the pulmonary veins at their 
entrances to the left atrium. The heart is cooled in saline 
and transferred to the recipient operating site. The left 
atrium is opened, and the left atrial free wall is anas- 
tomosed first with a long, double-armed suture. The 
anastomosis is first carried around superiorly and then 
inferiorly to the septum. The second needle is carried 
down the left atrial wall, around to the septum, and 
then up to join the first suture. The right atrium is then 
opened by an incision from the inferior vena cava into 
the base of the atrial appendage. The anastomosis is 
begun at the top of the right atrium, carried medially 
around the septum, and then up to the mid-portion of 
the lateral right atrium. The second suture is carried 
down the lateral wall to join the first suture. The aorta 
is closed with a running suture, trapped air is flushed 
from the left side, and the aorta is disoccluded. The 
pulmonary artery anastomosis is then completed. The 
coronary return is removed via a suction into the right 
ventricle through the pulmonic valve. 

Perfusion, which has been maintained by a disposable 
bubble oxygenator primed with blood-Ringer's solution 
at 34°C, is then discontinued. A pacemaker wire is 
routinely sutured to the surface of the ventricle. Isuprel 
may be used intermittently to maintain heart rate. The 
sternal incision is closed with wire, and the skin with 
absorbable sutures. Postoperative care is standard with 
the exception of reverse isolation for the patient. 


Immunosuppression 


The immunosuppression given to these patients has 
gradually altered over the past 4 years. There were 
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three phases—1) azathioprine and prednisone, 2) aza- 
thioprine, prednisone, and antilymphocyte serum, and 
3) azathioprine, prednisone, and antithymocyte globulin. 
Since January 1970, dipyridamole and Coumadin have 
been used routinely. 

The current regimen of immunosuppression begins 
with a loading dose of azathioprine, 3 to 4 mg./Kg,, 
given immediately preoperatively. This medication is 
maintained at a level of 2 to 3 mg./Kg./day postopera- 
tively, and is adjusted upon the appearance of bone 
marrow or hepatic toxicity. Doses of 500, 250, and 125 
mg. of methylprednisolone are administered on post- 
operative days 0, 1 and 2. Oral prednisone is begun 
at a dose of 15 mg./Kg. on postoperative day 1 and 
gradually tapered during the first 2 months to 1.0 
mg./Kg./day. Antilymphocyte or antithymocyte globulin 
has been employed in all but the first two patients. At 
present a preparation of ATG is used in decreasing doses 
over the first 6 weeks. 

Treatment for diagnosed cardiac rejection has con- 
sisted of actinomycin D (500 ug) and methylpredniso- 
lone (500-1000 mg.) intravenously on a daily basis 
until initial reversal of the signs of rejection (2 to 5 
days). Azathioprine and ATG have generally been held 
constant at maintenance doses. In addition, systemic 
heparinization has been incorporated into the. treatment 
protocol for acute rejection. 


Rejection Surveillance 


Patients are examined up to three times daily for 
cardiac rejection crises. This involves electrophysiologic, 
mechanical, and clinical observation. The ECG reveals 
decreased voltage, right shift in axis, right bundle branch 
block, and atrial arrhythmias. Mechanical signs include 
appearance of diastolic third and fourth heart sounds, 
decreased precordial impulse, and decreased fullness 
of the pulse. Clinical symptoms and signs may include 
relative hypotension, hepatomegaly, fatigue, anorexia, 
and a gain in weight. On chest x-ray, the heart size may 
increase. Signs of left heart failure, such as. orthopnea 
or pulmonary edema, appear very late. It has been our 
experience that the signs listed above do not all appear. 
Indeed, we do not wait for all signs to develop before 
treating for rejection. As a practical matter, the de- 
creased voltage tends to be the major parameter for 
assessment of rejection. Immunological assays are being 
evaluated, but were not used during the first 4 years. 


Infection Surveillance 


Postoperatively, the patients are placed in reverse 
isolation with frequent cultures of sputum, urine, blood 
and stool Daily chest films are taken to examine for 
early pulmonic lesions. Percutaneous transtracheal as- 
pirations for bacterial and fungal cultures and for gram 
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stain are performed promptly in all patients with a 
suspicion of pulmonary infection. Direct needle aspira- 
tion of pulmonary infiltrates under fluoroscopic guidance 
is also performed early when technically feasible. The 
material aspirated is routinely stained with gram and 
methenamine silver stains. Wet mounts are examined 
after staining with cotton blue. Immediate examination 
of this material has led frequently to early specific anti- 
biotic therapy. 


Results 


Patient Selection 


Of the 42 patients who underwent transplantation, 33 
suffered from arteriosclerotic heart disease, Of the 33, 
two were in the acute stage after myocardial infarction, 
and were unresponsive to medical treatment. One pa- 
tient underwent transplantation after massive infarction 
secondary to coronary artery embolus arising from 
thrombi on a Starr-Edwards valve prosthesis implanted 
2 years previously. The remaining patients were re- 
ferred for idiopathic myopathy. Of the 20 patients who 
were selected but did not undergo transplantation for 
a variety of reasons, ll suffered from arteriosclerotic 
heart disease, seven from cardiomyopathy, one from 
post-radiation fibrosis, and one from rheumatic heart 
disease. In the first 24 patients who underwent trans- 
plantation there were no previous cardiac operations. 
In eight of the last 18 patients (44%) one or more car- 
diac procedures had been carried out. These statistics 
are summarized in Table 1. 


Survival 


Forty-four transplants have been performed in 42 pa- 
tients since the initiation of the program. Sixteen pa- 
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tients are now alive with three in the hospital. Twelve 
of 31 survived 1 year, seven of 20 survived 2 years, and 
two of 14 survived 3 years. 


Causes of Death 


Pulmonary Hypertension. Twenty-six patients have 
died (Table 2). Three patients died within 2 days of 
operation. The cause of death in all three was severe 
right heart failure and low cardiac output. The dis- 
tinguishing feature in these three patients was the pres- 
ence of severe pulmonary arteriosclerosis. This is re- 
flected in the pulmonary vascular resistance index. Only 
one of four patients with an index greater than 14 units 
survived the immediate post-transplantation period, but 
all of the remaining 38 patients, with pulmonary vascular 
indices less than 14, recovered good cardiac function 
and survived to at least 14 days. At postmortem in each 
of the three immediate deaths, there was diffuse sclerosis 
with lipid deposition in the pulmonary arterial tree. 
Microscopically, intimal proliferation with significant 
obstruction of the lumen was present at the arteriolar 
level. Pulmonary vascular resistance greater than 14 
units is a contraindication to cardiac transplantation. 

Rejection. Four patients died from 2 weeks to 2 
months after transplantation from unrelenting cardiac 
rejection, All received massive amounts of steroids to- 
gether with other immunosuppressives. The first patient 
did not receive heparin during the rejection crisis, The 
fourth patient received a second graft but still suc- 
cumbed when the second graft also failed due to re- 
jection. In all four pre-transplant, donor-specific cyto- 
toxicity screening was negative. 

Infection. Twenty-six of the 42 patients developed at 
least one infectious episode. In ten patients the primary 








TABLE 1. Previous Surgical Procedures 
Outcome of Transplant Survival 
Pt. Age Disease Op # Description (May 1, 1972) Months 
CT l 48 CAD 1 Int. mammary implantations Well Retired 22 
, (2} 
RC , 45 CAD 1 Int. mammary implantation Well Working 19 
' (1) 
2 Int. mammary + gastro- 
epiploic implantation 
IK 43 RHD 1 Valve replacement Well Working 16 
FL 36 RHD 1 Valve replacement Well Working 14 
CAD 2 Vein bypass + aneurys- 
J mectomy 
HJ 49 MYOP. 1 Pacemaker Died 9 
PB 45 CAD 1 Vein bypass (2) Well Student 12 
WA 47 CAD 1 Vein bypass + int. mammary Well Working 7 
PO 32 CAD 1 Vein bypass + aneurys- Well Active, home 5 
mectomy 
EG 48 CAD 1 Vein bypass + aneurys- Well Hospital 2 
mectomy 


2 Carotid sinus stimulator 
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'TABLE 2. Primary Causes of Death 








: Survival (months) 
Cause 





Number Mean Range 
Pulmonary hypertersion 3 0 0-.1 
Early rejection 4 1.4 .5-2 
Early infection 10 2.6 0-4 
Late infection 2 16 8, 24 
Late rejection 4 22 9-34 
Other 3 1.2 .5-2 


cause of death was infection or infection with rejection. 
The mean time of survival was 2.6 months with a range 
of 0 to 4 months. 

Since the use of the antithymocyte globulin, there 
has been an increased incidence of Aspergillus, Nocardia 
and Candida infections. All four of the Nocardia and 
three of the nine Aspergillus infections were controlled 
with sulfisoxazole and kanamycin, and amphotericin B 
respectively. 

Two patients succumbed to infection eight and 24 
months after transplantation. The first death was due 
to Serratia pneumonia after frequent therapy for cardiac 
rejection, and the second to an exacerbation of the 
previously controlled pulmonary aspergillosis. 


Chronic Rejection 


Atherosclerosis. Four patients have developed ob- 
structive lesions nine to 43 months after transplantation. 
Three have died at 9, 21, and 36 months, The last pa- 
tient is alive with angiographic evidence of left ventric- 
ular asynergy and partial obstructive disease of the 
coronary arteries. The first patient demonstrated intimal 
proliferation with concentric layers ‘of fibrin, platelets 
and myointimal layers. In the last two patients lipid 
deposition was prominent in the lesions. One patient 
died of late acute rejection. 
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Fic. 1. Survival curve for cardiac transplantation. 
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Other Causes. Three patients died from a variety of 


. causes. The first patient died after 15 days from a series 


of complications which were unrelated to rejection or 
immunosuppression, and a generalized hemorrhagic 
diathesis. One patient died from hepatic failure sec- 
ondary to fatty degeneration, perhaps steroid-induced. 
The third patient died as a result of a calcified cho- 
lesterol embolus from an atheromatous plaque at the 
bifurcation of the carotid artery to the left middle cere- ` 


bral artery. 


The overall survival data are depicted in Figure 1 
based on the life table method of estimation? The 


` cumulative proportion surviving at 0.5; 1, 2, and 3 years 


is 0.49, 0.43, 0.38, and 0.15. If the patient survives the 
first 3 months after transplantation—and 22 patients 
have survived for that period—75% will survive to 1 year, 
67% to 2 years, and 27% to 3 years. The rapid decline 
between the second and third years does not indicate 
a critical period for survival, which is ‘clearly evident 
in the first 3 months, but reflects the. poor survival 
statistics occurring in the first year of the programi. 
For the year-to-year improvement, these figures are 
available: 2/9 (22%) of patients operated on the first 
year, 4/9 (42%) in the second year, 4/8 (50%) in the 
third year, and 3/6 operated on before May 1972 in 
the fourth year survived one year. 

The influence of age at the time of transplantation 
on survival is given in Table 3. The one-year survival 
for 4th, 5th, 6th and 7th decades of life is 60, 43, 33, 
and 0%. The number of patients in each age group with 
a one-year follow-up is 5, 16, 9, and 2. 

The survival curve for the 20 selected but not trans- 
planted patients is also given in Figure l. Fifty per 
cent had died by the 10th day after selection. The mean 
survival was 30 days and only one putent lived longer 
than 95 days. 


Vocational and Physical Rehabilitation 


Twenty-one patients have left the hospital An. addi- 
tional three are still in the hospital. Three of the 21 
returned very shortly after operation to the hospital 
and died. The status of these 18 are given.in Table 4 
which demonstrates that 13 of these patients have or 
had returned to compensatory work or active house- 
keeping. Two are still in the recovery phase, but are 








TABLE 3. 
Living One-year Two-year Three-year 
Age No. 5/2/72 survival survival survival 
31-40 8 6 60% (5) 66% (3) 0% (1) 
41-50 21 8 40% (15) 42% (7) 0% (5) 
51-60 11 2 33% (9) 22% (9) 14% (7) 
61-70 2 0 0% (2) 0% (1) 0% (0) 





( ) = number at risk 
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physically active without cardiac symptoms. Two were 
already retired at the onset of cardiac symptoms, and 
used their post-transplant period for recreation and 
travel. 


Discussion 


The pharmacologic support of patients with car- 
diomyopathy and coronary artery disease with failure 
has been the accepted therapy since the time of Wither- 
ing. Improved diuretics, and a better understanding of 
the role of dietary sodium have relieved the symptoma- 
tology of a great many patients living with compromised 
myocardial function. Further advances have been made 
in understanding the pathophysiological mechanisms 
obtaining in angina, congestive heart failure, myocardial 
infarction, and arrhythmias. Eventually, however, phar- 
macological and dietary control fails, and, where ex- 
tensive areas of myocardium have been destroyed, 
coronary artery' bypass operation and scar removal are 
recommended' for some patients. The role of these pro- 


- cedures is being defined at the present time. As men- 


tioned earlier, however, many of the patients reported 
here have already had such surgical procedures with 
deterioration of heart function once more. 

On the basis of the data presented in this and pre- 
viously published reports from this center.^9!5 cardiac 
transplantation should be reconsidered as appropriate 
therapy for advanced heart failure due to irreparable 
myocardial disease using the proper selection criteria. 
This judgment is based on the following observations. 
First, the operation can have a low operative mortality. 
Recognition that pulmonary vascular arteriosclerosis is 
a contraindication to transplantation has eliminated 
immediate mortality, Screening for cytotoxic antibodies 
has so far avoided hyperacute rejection. Second, im- 
proved myocardial function is prompt and uniform, as 
demonstrated by marked mobilization of excessive fluid, 
disappearance of orthopnea, nocturnal dyspnea, and an 
increase in resting cardiac index occurring despite car- 
diac denervation. Third, this objective improvement in 
cardiovascular function is documented by angiographic 
and hemodynamic studies in the first and second years 
after transplantation. Fourth and most important, is 
the physical, social and vocational rehabilitation achieved 
by the group as a whole irrespective of the improved 
cardiovascular status. In contrast, a study of valvular 
patients has demonstrated the failure of some patients 
to return to work despite improved cardiovascular func- 
tion. 

On the,issue of survival, two points can be made. 
First is that the death of all but one untransplanted pa- 
tient in less than 95 days after completion of workup 
reflects the fact that myocardial function was extremely 
compromised in this group of patients. The second is 
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TABLE 4, 
Work/ 
Survival Status* Housekeep- 
Year Pt Occupation (months) 5/1/72 ing 
1 RM Engineer 21 D Yes 
CS Carpenter 42 A No 
WK Businessman 9 D Yes 
2 SG Author 34 D Yes 
JP Retired 24 D No 
RT Musician 36 A Yes 
BJ Housewife 27 D Yes 
3 WB Technician 28 A Yes 
JM Decorator 28 A Yes 
CT Army, retired 22 A No 
RC Engineer 18 A Yes 
4 IK . Food packer 15 A Yes 
FL | Mechanic 14 A Yes 
PB Student 12 A No 
WA Craftsman 7 A Yes 
RM Printer 6 A Yes 
PB Installer 5 A Not yet 
PC Welder 4 A Not yet 





* D = dead; A = alive 


that there has been a steady and significant increase in 
the l-year survival figures in this program from the 
initial 22% to the current 50%. This can be attributed 
to selection of appropriate cases, improved recognition 
of rejection, antithymocyte globulin, and aggressive 
diagnostic efforts against infectious processes. 
Immunological phenomena rejection and infection are 
responsible for the highest mortality in the first 3 
months, and emphatically point up the direction that 
future improvements will have to take—specific im- 
munosuppression, immunologic selection of donor-re- 
cipient pairs, accurate assays of the immunological status 
of the patient during immunosuppression, and perhaps 
improvement in the isolation of the patient. Irrespective, 
however, of the uncertainties in the critical period of 3 
months after operation and despite the fact that the 
mechanisms for the phenomena are unclear, there is 
the appearance of a period of graft acceptance which 
is just as real for heart grafts as for kidney grafts. It is 
this feature, associated with the documented physical 
well-being of the individual patient that permits the 
consideration of heart transplantation as therapeutic. 
The task of recommending cardiac transplantation tc 
the patient has been and still is a difficult and vexing 
problem. Some have not considered this therapeutic 
modality because of the attendant publicity at the time 
the procedure was first introduced clinically. A rational 
viewpoint is that cardiac transplantation is neither a 
cure-all for heart disease, nor a disreputable therapeutic 
nostrum. The areas for future investigation have been 
delineated and the risks have been clarified. The un- 
certainty concerning the mechanisms of rejection and 
the complications of immunosuppression must be bal- 
anced against the thoroughly documented pathophysio- 
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logic certainty of progressive morbidity and death for 

these cardiac patients. The challenge for surgeons is to 

decrease the uncertainty, and for cardiologists to define 
clear criteria for selection of patients to undergo trans- 
plantation. 

One can only predict the future from the past. Car- 
diac transplantation in terminally ill patients, selected 
for this procedure by current technology, has resulted 
in a group of pain-free, mobile, socially and vocationally 
rehabilitated patients. This therapy is available now, 
and the need for its wider and appropriate application 
is urgent. 
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The Fate of Patients After Renal Transplantation, 
Graft Rejection, and Retransplantation 


1NCE 1964, 403 renal transplants have been performed 
S in 336 patients at the University of California, San 
Francisco Medical Center. Our experience suggests that 
the mortality rate following transplantation is equal to or 
less than the mortality rate of 9% per year of patients 
on chronic hemodialysis? However, despite the decrease 
in the mortality rate and the increase in the number of 
patients in whom transplantation is successful, the sur- 
vival rate of primary grafts from related donors has not 
improved during the past 5 years and the survival rate of 
grafts from cadaver donors has not improved during the 
past 3 years. 


Materials and Methods 


Between January 1964 and January 1972, 403 trans- 
plants were performed in 336 patients. Of these 336 
were primary and 54 were secondary grafts. Nine patients 
received three grafts, 3 patients received 4 grafts, one 
patient received five grafts, and one patient had an auto- 
transplant. Donors were living related (siblings, parents, 
children, uncles, aunts, cousins, grandparents), and living 
unrelated as well as cadaver donors (Table 2). Living 
donors ranged in age from 21 to 60 years, and cadaver 
donors from newborn to 59 years, The recipients have 
ranged in age from 1 to 63 years (Fig. 1). 

. Only the presence of severe extra-renal pathologic 
changes excluded patients from the program. The major 
diagnoses were chronic glomerulonephritis (712) and 
pyelonephritis (15%), but others have had diabetes, 
Wilm's tumors, bilateral hypernephromas, Fabry's dis- 
ease, polycystic kidneys, hemolytic uremic syndrome, 
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medullary cystic disease, malignant hypertension, cys- 
tinosis, lupus, scleroderma, and amyloidosis. 


Selection of Donor-Recipient Pairs 


All living donors were 21 years old or more and able 
to give informed consent. They were in good health 
prior to operation and were well hydrated during the 
operative procedure? They were required to be ABC 
compatible with the recipient and the best HL-A matct 
was chosen when several donors were available. Aftei 
consent had been obtained from next of kin kidneys fron 
cadaver donors were removed 20 to 60 minutes aftei 
cardiac arrest, and were placed on the Belzer Preserva- 
tion Unit; At the time of donor nephrectomy, lympk 
nodes were removed for tissue typing and crossmatch. 
ing.5 However, these procedures were not performed ii 
the cadaver kidneys on the perfusion machine did no! 
meet good viability criteria, All recipients awaiting 
cadaver kidneys had been previously tissue typed anc 
were being maintained on dialysis in other centers oi 
on home dialysis. Their ABO and phenotypes were storec 
in a 360/50 computer for instant selection from the 
donor's phenotype. All recipients were required to senc 
a sample of serum to the tissue typing laboratory eacł 
month for cross-matching. The kidney was transplantec 
to the best matched recipient with a negative crossmatct 
against the donors lymphocytes, kidney cells, or both. 
All serum specimens of the recipient were used in judging 
the crossmatch.* 





* Herbert A. Perkins, M.D. of the Irwin Memorial Blood Banl 
is the Director of our Tissue Typing Laboratory with Rose Payne 
Ph.D. as Consultant. 


509 


510 


TABLE 1. Cause of Death After Transplantations 


% of 
Trans- 
plants 


18.2 





% of 
No, Patients 


Deaths . 73 21.8 
I. Due to intercurrent disease 
without rejection on low 
doses of immunosuppressive 
drugs 17 5.1 
. Pulmonary Emboli 3 
Malignancy : 6 
Myocardial Infarction 3 
4 
1 





4.3 


G.I. Problems 
Suicide 


II. Due to infection without re- 
jection on low doses of 
immunosuppressive drugs 18 
Gram Negative Sepsis — 10 
Cytomegalovirus 1 
Pneumocystis 2 
Toxoplasmosis 1 
Chicken Pox 2 
Nocardia 2 


5.4 4.5 


III. Due to infection associated 
with increased doses of 
immunosuppressive drugs to 
treat a rejection crisis 30 
Gram Negative Sepsis 30 


9.0 7.5 


IV. After return to chronic 

hemodialysis 8 
Suicide 

Vascular Accidents 


2.4 2.0 


Moe 





Immunosuppressive Therapy 


The basic immunosuppressive therapy consisted of 
Imuran (Azathioprine), and Prednisone. Imuran was 
given in doses of 150 mg./day to adults and 50 to 75 
mg./day to children. This dose was reduced or tempo- 
rarily discontinued if the leucocyte count fell below 5000. 
If jaundice developed, Cytotoxin in a dose of 25 to 100 
mg./day was substituted. The initial dose of Prednisone 
was 120 mg./day for adults and 60 mg./day for children, 
and reduced to 30 mg./day by the third to fifth week. 
Patients were maintained on 15 to 30 mg./day. A rejec- 
tion crisis was treated by repeating the high dosage level 
of Prednisone and administering 450 rads of local irradia- 
tion as described by Hume.* Pulses of 1 Gm. of Methyl- 
prednisolone have been given intravenously 1 to 3 times 
over 36 to 48 hours.? Actinomycin-D was also used, but 
this has been discontinued. Within the last 2 years 69 pa- 
tients who received cadaver grafts have also been given 
antilymphocyte or antithymocyte globulins obtained from 
the University of Minnesota, Minneapolis, Minnesota, the 
‘Hyland Laboratory, Costa Mesa, California, or from the 
Upjohn Company, Kalamazoo, Michigan. The ALG or 
ATG was given intravenously for 14 days in a dose of 
10 to 20 mg./Kg./day. 

After discharge, all patients were followed in the 
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Transplant Clinic in which frequent adjustments in their 
immunosuppressive medication were made. The fate 
of the patient, graft, and donor relationship was stored 
in a 360/50 computer." Actuarial survival curves were 
drawn using standard methods? and plotted directly 
using a Houston DP-1 Plotter. Figures are direct com- 
puter graphs. 


Results 


The number of transplants (primary and multiple) 
performed each year has increased from 15 in 1964 to 
107 in 1971 (Fig. 2). The patient survival rate after 
transplantation from related donors improved after 1964 
(Fig. 3) and after transplantation from cadaver donors 





* The computer support for this research was obtained from 
ACME (Advanced Computer for MEdical Research) Facility at 
Stanford Medical Center, Palo Alto, California. ACME is sup- 
ported by the Biotechnology Resources Branch of NIH, Grant 
No. RR00311. ACME is an IBM 360/50 time share system. Soft 
wave programs were developed by the ACME staff. Our own 
statistical and plotting programs were developed in San Fran- 
cisco using a DATA-PHONE linked up to the computer in Palo 
Alto, California. 


TABLE 2. Distribution of donors by transplant. There were 336 
primary, 54 second, 9 third, 3 fourth, 1 fifth, and 1 autotransplant. 
Note that the cadaver donor has accounted for about 50 per cent 
and is now the most frequent donor. 

















Num- 

First Second Third Fourth Fifth ber 
sibling 82 
sibling other related 1 
sibling living related 1 
sibling cadaver 5 
sibling cadaver cadaver cadaver 1 
parent 61 
parent sibling 1 
parent parent 5 
parent parent cadaver 1 
parent living un-. 

related 1 
parent cadaver 6 
parent cadaver sibling 1 
other related : 12 
other related cadaver 1 
living relaied 8 
living un- living un- 1 

related related 
living un- 
related cadaver cadaver cadaver cadaver 1 
cadaver 121 
cadaver sibling living un- cadaver 1 
related 

cadaver parent 2 
cadaver living un- 2 

related . 
cadaver living un- cadaver 1 

related 
cadaver cadaver 16 
cadaver cadaver cadaver 3 
self 1 
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Fic. 1. Age distribution 
of the 336 recipients. 
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patient survival increased after 1968 (Fig. 4). It should 
be noted that the number of patients who received trans- 
plants from related and cadaver donors respectively in 
these years was relatively small. (11 in 1964 and 20 in 
1968). The average and overall patient survival after 
transplantation from siblings, parents, other relatives, liv- 
ing unrelated, and cadaver donors is shown in Figure 5. 
Survival of the patient was independent of the donor 
kidney relationship. Figure 6 shows the patient survival 
after the first and second transplant. In the series there 
was a higher mortality after the second transplant. In the 
last 2 years the mortality rate after first and second trans- 
plants has been the same, reflecting our increased ex- 
perience. l 
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Fic. 2. Distribution of 8 « 
transplants by year. Note e 
that the number of trans-  $ 
plants have increased 3 ad 
with time, f 


LM 


64 65 67 68 69 ` 70 


YEARS 
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| 
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This increased experience is further reflected in the 
survival of grafts. In Figure 7, all graft survivals (9€ 
sibling donors, 85 parental donors, 14 other relatives, 1' 
living unrelated, and 192 cadavers) are shown. Graft: 
from other relatives, siblings, and parents did better thar 
grafts from living unrelated donors and cadaver donors 
Figure 8 shows the survival rate of primary grafts, anc 
a similar finding was observed. Only a few patients re 
ceived grafts from other relatives and living unrelatec 
donors, and the numbers are too few for definitive con 
clusions. Therefore, if these groups are excluded, only 
grafts from sibling donors have a survival rate signifi 
cantly better than grafts from cadaver donors after £ 
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Fic. 3. Patient survival «X 60 Y 
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year. The number of pa- Z ` 
tients by year starting O 
with 1964, ie. 4 are: (e 
4=1,5=13,6=18, W 40: 


7 = 19, 8 = 29, 9 = 26, 
0(70) = 24, 1(71) = 36. 
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Fic. 4. Patient survival 
from cadaver donors by 
year. The number of 
transplants by year start- 
ing with 1968, i.e. 8 are: 
8 = 20, 9 = 19, 0(70) 
= 38, and 1(71) = 55. 


Fic. 5. Patient survivals 
compared with donor re- 


lationships. 

& — overall-336 
* = sibling-90 
+ = parent-76 


0 = other related-13 

X = living unrelated-10 
# = cadaver-146 

Note that survival of the 
patient is independent of 
the donor relationship. 
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Fic. 6. Patient survivals after first * — 336, and second + — 54 
transplant. 


years (Fig. 8). Moreover, if the 32 HL-A identical sibling 
grafts in whom the survival is 100% are excluded, there is 
no significant difference after 2 years between the survival 
of grafts from HL-A non-identical siblings, parent-child, 
and cadaver donors.” 


Fic. 7. Graft survivals 
compared with donor re- 
lationships. 

& = overall-403 

* = siblings-93 

+ = parents-85 

0 = other relatives-14 

X = living unrelated-17 
# = cadaver 192 
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Figures 9 and 10 show that improvement in clinica] 
management reached its peak after 1964 in related donor 
grafts and after 1968 for cadaver donor grafts, 

Secondary graft survival was slightly better if the 
donor was related to the recipient, than it was if the 
donor was unrelated (Fig. 11). However, the related 
group included several HL-A identical siblings. Graft 
survival was not influenced by waiting for an interval 
after primary transplant nephrectomy (Fig. 12). Since 
1964, more and more retransplants have been performed, 
which has increased the number of patients who have 
been successfully treated by transplantation (Figs. 2 
and 13). l 


Discussion 


The mortality was 21.8% during the 8-year period. The 
causes of death can be divided into four categories: 1) 
intercurrent disease in patients with a serum creatinine 
or less than 2 mg./100 ml. who are on maintenance 
immunosuppressive therapy, 2) infections in patients with- 
out a clinical rejection crisis in whom the serum creati- 
nine was less than 2 mg./100 ml. and who were on main- 
tenance immunosuppressive therapy, 3) infections in 
patients treated for a rejection crisis by increased dosage 
of steroids, and 4) death after returning to chronic 
hemodialysis (Table 1). Death from infections in pa- 
tients on either low or high doses of immunosuppressive 
drugs usually occurred within the first year, but 50% of 
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Fic. 8. Primary graft 
survivals compared with 
donor. relationships. 

& = overall-336 

* = sibling-90 

-+ = parents-76 

0 = other relatives-13 

x = living unrelated-10 
# — cadaver-146 


Fic. 9, Primary graft sur- 
vival from related donors 
by year. The number of 
grafts by year starting 


with 1964, ie. 4 are: 


4 11, 5 = 13,8 = 18, 
= 20, 8 = 29, 9 = 26, 
(70) = 24, and 1(71) 
= 36. 
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Fic. 10. Primary t 
survival from cadaver 
donors by year. The num- 
ber of transplants by year 
starting with 1968, ie. 
8 are: 8 = 20, 9 = 10, 
0(70) = 38, and 1(71) 
= 55. 


Fic. 11. Secondary graft 
survivals compared with 
donor relationships. 

& = overall-54 

0 = related-12 

X = living unrelated-7 

# = cadaver-35 
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SECONDARY GRAFT SURVIVALS WITH AND WITHOUT SIMULTANEOUS 
PRIMARY NEPHRECTOMY C-16 $-35 
100 s 
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the deaths due to intercurrent disease occurred after 1 
year (Fig. 14). It is in category III that improvements 
in patient survivals must be made. The key is to remove 
the graft early if large doses of immunosuppressive drugs 
are required to maintain graft function. Adopting this 
approach has reduced the mortality rate from infections 
from 30% in 1964 to 7% in 1971 (Fig. 15). Patient survival 
following retransplantation was slightly worse than after 
primary grafting, but this was due almost exclusively to 
our early lack of experience. As with rejecting primary 
graft, rejecting retransplants that require large doses of 
immunosuppressive drugs to maintain graft function 
should be removed early as this would be a threat to 
patient survival. 

Improvement in graft survival has not paralleled the 
improvement in patient survival. Survival of grafts from 
related donors did improve after 1964, but this was due 
mainly to an increase in patient survival After 1968 
there was an improvement in graft survival from cadaver 
donors. We believe this is due to the development of a 
reliable method of procurement, preservation, transpor- 
tation, and viability testing of cadaver kidneys.! This 
makes cadaver transplantation, except for donor nephrec- 
tomy, an elective procedure. 

In our earlier experience retransplantation was as- 


sociated both with a high mortality rate and a low rate 
of graft survival. However, if retransplants are removed 
because large doses of immunosuppressive drugs are 
required, the mortality rate is no greater than for pri- 
mary transplants. Although graft survival after secondary 
transplants is not as good as with primary grafts in our 
series, which might be expected since these patients 
have been sensitized, this difference becomes less sig- 
nificant if the early experience is excluded. The occur- 
rence of hyperacute rejection was infrequent (two cases 
in the secondary group, and three cases in the primary 
group), suggesting that crossmatching can adequately 
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detect preformed antibodies after graft rejection. Sup- 
porting this hypothesis is the observation that the results 
of retransplantation are the same if it is done simul- 
taneously with transplant nephrectomy or at a later 
time. 

Although we have added intravenous Methylpred- 
nisolone and antilymphocyte (ALG) and antithy- 
mocyte (ATG) globulin serum to the standard immuno- 
suppressive therapy, adequate control of the rejection 
reaction has not been accomplished. When IV pulse 
doses of Methylprednisolone are used, a rejection reaction 
may be dramatically reversed, while in others it seems to 
have no effect. Our experience with ALG and ATG is 
too short and the number of patients studied too few 
to draw definitive conclusions, but our impression at the 
present time is that use of these materials may decrease 
the number and severity of the early rejection episodes. 
In treating a rejection crisis, our experience indicates 
that the mortality is greatly increased if more than two 
are treated within the first 3 months, which is the time 
of greatest risk. Likewise, chronic rejections should not 
be repeatedly treated. It is safer to perform another 
transplant or to remove the graft and return the patient 
to chronic hemodialysis. 

Our experience parallels that of the recent report from 
the Transplant Registry showing that a plateau has been 
reached for graft survivals.!° Our series does differ from 
the Registry in that our 1 and 2-year survival rate of 
grafts from cadaver donors is higher. Our results further 
differ in that our graft survival of kidneys from related 
donors excluding HL-A identical siblings, is not signifi- 
cantly different from HL-A non-identical siblings, parent- 
child, or cadaver donors after 2 years, However, the 
Registry did not exclude the HL-A identical siblings. 
Further in this series, the rate of graft losses after 1 year 
is low for all categories of donors, except parents. This 
could be explained by our policy of removing grafts 
early if large doses of immunosuppressive drugs are re- 
quired to maintain graft function. These observations 
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PERCENTAGE OF DEATHS BY YEAR 


Fic. 15. Patient and pri- 
mary graft survivals in 
relationship to percentage 
of patient successfully 
treated by use of retrans- 
plantation, 
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have led us to the conclusion that the only donor superior 
to a cadaver donor is an HL-A identical sibling. 

Since graft survival has not improved despite increased 
experience with current immunosuppressive technics, the 
only way to transplant more patients successfully is to 
perform more retransplants. The success of such a pro- 
gram depends on an adequate supply of cadaver kidneys 
as well as hemodialysis facilities. An adequate supply 
of cadaver kidneys allows both optimal primary trans- 
plantation and retransplantation. In this series, one pa- 
tient has normal renal function after a fifth transplant 
performed 2 years ago at the time of removal of his 
fourth transplant. Within the last 18 months 81% of pa- 
tients have been successfully treated by employing re- 
transplantation. 


Summary 


Over the last 8 years 336 patients have received 403 
transplants and the overall mortality was 21.82. Patient 
survival was independent of the donor kidney relation- 
ship. Graft survival was 100% in 32 HL-A identical sibling 
pairs. There was no statistically significant difference 
after 2 years in the graft survival in HL-A non-identical 
siblings, parents, children, or cadaver donors. 

Immunosuppressive drugs have not improved the sur- 
vival of grafts from related donors during the past 5 
years nor of cadaver grafts in the last 3 years. Neverthe- 
less, 81% of patients in the last 18 months have been 
successfully treated by employing retransplantation with 
a mortality equal to or less than that for chronic hemo- 
dialysis. 
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Discussion 


Dr. Richarp E. Wnson (Boston): The manuscript of Dr. 
Kountz and Dr. Belzer is certainly a frank, complete, and very 
important review of the present status of renal transplantation in 
man. 

I would say that, generally, our opinions and findings at the 
Peter Bent Brigham Hospital concur with those expressed by the 
authors; certainly mest transplant groups have embarked on this 
concept of retransplantation, rather than death by overtreatment. 

I would like to just ask the authors one question, which might 
help in the point of selection of patients for retransplantation once 
their first kidney has failed. That question has to do with the 
sensitization to the nonspecific pool. 

Our group and others have xecently noted a much higher failure 
rate in second and third transplants when recipients have been 
shown to carry antibody against a pood of nonspecific individuals. 
We have found that people with cytotoxic antibodies against 
Lymphocytes of greater than 10% of a pool of 40 normal people, 
had a 36% graft survival at 6 months. Five of 15 of these patients 
showed hyperacute rejection; whereas those who do not have such 
nonspecific antibodies had an 89% 6-month survival, with no hyper- 
acute rejections. 

I think that this may be an important way of selecting these 
patients who are considered for retransplant at this time, and 
retransplant those who are most likely to have a successful out 
come. 


Dn. THoMas C. Moore (Torrance): As I read this manuscript, 
I was impressed by the importance of an ample supply of kidneys, 
which gave the authors many options, including the option of early 
removal of kidneys not functioning satisfactorily, with early re- 
transplantation. The preservation unit of Dr. Belzer has helped 
make this possible. They have had more kidneys of better audit) 
available, which has given them the opportunity of doing this. Im- 
pressed by this option which has been developed here in San 
Francisco, those of us from Los Angeles in the transplant field have 
organized a community-wide preservation effort, using Dr. Belzer’s 
model, machines ard a mobile unit. This unit serves ten transplant 
centers, affiliated with four medical schools, in a metropolitan 
area of 10.2 million. It is based in my laboratory at UCLA-Harbor. 
Though operational for only 13 months, 187 cadaveric human 
kidneys have been preserved from 110 donors, and fram this group 
of kidneys 156 have been transplanted. 

This has made it possible for us to have a threefold increase in 
the level of cadaveric transplantation in the Metropolitan Los 
Angeles area during the past year. 


It has also made possible a great improvement in the life of the 
periodically harassed transplant surgeon. More and better kidneys 
have been made available, and the operation, as Dr. Kountz has 
stressed, has been carried out in a planned and orderly, rather than 
a crisis atmosphere, as heretofore. This is one of the major con- 
tributions cf this study and effort. 


Dr. Davan M. Hume (Richmond): In presenting transplant 
figures, it is very important to separate patient survival from trans- 
plant survival, as Dr. Kountz did. If one retransplants freely and 
stops treating rejections early, the patient survival will improve, 
as so nicely demonstrated by Dr. Kountz, and this has also been 
our own experience. 

Retransplantation is not always possible in immunized patients, 
however, and may leave a residue of untransplantable, nephrec- 
tomized, living patients, which make the patient survival figures 
somewhat misleading. 

In our awn series, which now includes patients treated 10 years 
ago, there continues to be a difference in primary graft survival 
between related living donor and cadaver donor transplants. This 
difference can even be seen when one considers only the group 
of patients who have. survived for at least 2 years, and were then 
followed for a minimum of 4 to 10 years. The difference is not 
accounted for entirely by HLA identical sibs. We agree that 
histocompatibility matching is important primarily for HLA identi- 
cal transplants, but typing is important to avoid sensitizing patients 
who lack commonly occurring antigens, such as HLA-2, which 
occurrs in 50 per cent of the population, and attention to this 
will improve transplant survival on retransplantation. 

Dr. Kountz's point about the similarity of patient survival re- 
gardless of kidney source is an important one, but it should not 
lead to his further conclusion that HLA identical sibs are the only 
donor source which is superior to cadaver donor transplants. This 
does not take into account the untransplantable patient, the in- 
creased ircidence of retransplantation, which ultimately leads to 
increased incidence of fatalities, nor the long-term results of 
cadaver donor recipients when followed for from 4 to 10 years. 


Dr. Joseren E. Murray (Boston): This careful, complete re- 
port brings out three points of discussion. 

First, Drs. Kountz and Belzer have practically no restrictions 
at all in selection of recipients regarding age or the type of disease, 
and thus their experience truly reflects the role of an active 
transplant center in the deliverance of health care. This is an 
important attribute when considering the role of transplant centers 
in relationship to health care and society. 

Secondly, I enjoyed their analysis of the differential between 
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patient survival and transplant survival, and that unexpected ime 
dox that the patient mortality seems to be unrelated to the donor 
source. They logically explain this on their increasing experience 
with handling rejection, regardless of the donor source. 

‘Thirdly, regarding survival, if they exclude their HLA identical 
sibling donors, the survival at 2 years among all donor groups is 
about the same. If you follow cadaver transplants longer than 2 
years, you may find a differential, but at 2 years it was remarkable 
that if you do exclude the HLA identical sibs that there was no 
difference between cadavers, children, parents, or non-HLA identi- 
cal sibs. 

I think this reflects the excellence of their tissue typing and 
donor procurement. We have had rejections among HLA identical 
sibs, even when you have a negative two-way MLC test. 

1 would like to ask three questions, The first relates to the 
quality of life in the survivors. Do you have any figures on how 
many patients are gainfully employed, caring for their families, 
have gone back to work, and so on? 

And secondly, relating to causes cf death, a successful trans- 
plant, or course, does not confer immortality, and in your Group 1 
there is a natural attrition. But do you see increasing numbers 
of malignancies as you get longer duration of survival? 

And the final question is: Sixty or 70% of your mortality is 
due to infection. That is the experience of all of us. And when 
you get incipient infection in your patients, do you immediately 
stop immunosuppression? 

We have adopted the policy of discontinuing immunosuppression 
because of the relentless nature of these infections. 

And finally, a congratulatory note on this superb study. It was 
in 1958 that we presented before this Association our first series of 
twin transplants, and in 1962 we reported a series in which we 
abandoned total body irradiation and made the first report of the 
use of azathioprine in dogs and in humans. It is now 10 years 
later, and we all may be a little bit discouraged at the plateauing 
in survival figures. Progress from now on is going to be slow 
and laborious which will result from careful and thorough studies 
such as we have heard today. 


Da. Jonn Sargs Nayantan (Minneapolis): I also wish to 
congratulate Dr. Kountz and Dr. Belzer on this outstanding and 
very candid description of their experience, probably the largest 
experience in the United States today in kidney transplantation. 

We, too, have stressed survival, and I think that is an ex- 
tremely important point to bring out. We are talking about pa- 
tient survival, because this is something that often gets misinter- 
preted at meetings where transplantation is discussed, along with 
hemodialysis people and nephrologists. 

It is well to remember that hemodialysis in the best center, 
results in about a 15% attrition rate the first year, and about 10% 
every year thereafter. 

If we look at attrition of people who have received transplants, 
it is very small. Dr. Kountz's figures are around 5 or 6% a year. 
Our own figures are about 5% a year (loss of people). 

I am intrigued by what Drs. Kountz & Belzer have done with 
patients receiving kidneys from cadavers, but I disagree with 
them, with respect to choosing the cadaver donor as the best 
donor source after the HLA identical related donors, or HLA 
identical siblings. This is not true in our own series. In the 4 
years that we have been using ALG, our cadaver results with 
first transplants were 76% survival of kidneys at three years and 
we do much better than that with our living related donors, even 
though they are not HLA identical. So we think there is a dif- 
ference. 

But, more importantly, about 2 years ago we begin a systematic 
study of biopsying our patients at l-year and sometimes 2-year 
intervals, and what we find is, even though they still have good 
kidney function at 3 and 4 years, the cadaver kidneys show 
modest to marked destruction—of their kidneys, with good func- 
tion, In the related donors the pathological changes are quite 
minimal, and appear to be sony normal. 

The other thing that struck me about the paper is that there 
is about a 20% retransplantation rate. I do not quite understand 
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that. I think it is good to be aggressive in retransplantation. Our 
own figure for 360 transplants is that we have retransplanted 
35, or about 10%. As I read the registry statistics, it is about 10%. 
Perhaps Dr. Kountz can tell us: Is it because they are quitting 
too soon? They treat two rejection crises, and then they are ready 
to take the kidney out, while we treat three. Are you giving up 
too soon with the use of immunosuppressive therapy on two re- 
jection crisis? 


Dr. WinnAnD E, Goopwin (Los Angeles): The previous dis- 
cussants alluded to the two most important points: 1) When to 
remove the rejected graft (and I think that I am with Dr. Kountz, 
in that it is important to treat the patient, not the graft, and when 
the graft starts to go bad, it is better to save the patient and not 
to save the graft. I think that his figures show that). 

'The astonishing thing to me is the idea that the 32 identical 
sibling pairs who had identical HLA matches, were 100 per cent 
successes. Therefore, the conclusion that this is the only thing 
that is better than cadavers seems to be reasonable. 

I should like to ask one question: At the University of California 
in San Francisco, in the past, the psychiatrists particularly had 
emphasized the importance of using living, unrelated donors, who 
gained psychiatric benefit from giving kidneys. I was very much 
against that point of view, and at UCLA we have turned down 
living, unrelated donors on most occasions. 1 wonder now how Dr. 
Kountz and Dr. Belzer feel about the use of living, unrelated 
donors who are volunteers. 


Dn. PauL S. Russert (Boston): I would like to concentrate 
particularly on the fate of sibling donor transplants, because I 
believe they offer an opportunity to compare compatibility and 
transplant survival with some precision. 

As I read their data, only in the case of HLA identical siblings 
did the authors identify a donor group in terms of measure, or 
at least an apparent measure, of compatibility, rather than over- 
all [rem relationship, such as parent, cousin, and so on. We 
would agree m from observing our group of about 15 
HLA identical siblings over a period of as long as 9 years tbat 
use of this group of donors, which constitute 25% of siblings, and 
which are selected entirely by a leukocyte typing, will lead to 
superior results. 

Fifty per cent of siblings will share only one of the two relevant 
chromosomes, thus differing by what has been termed one haplo- 
type from the recipient. The remaining 25% will differ by both 
chromosomes, and will accordingly have no more and no less 
chance of compatibility than unrelated donors. 

We believe that the one-haplotype different siblings are clearly 
better donors than those who differ by both chromosomes, and 
further that the degree of incompatibility introduced by those 
genes sponsoring the formation of foreign antigens on that single 
dissimilar chromosome in the one-haplotype different sibling donor 
correlates closely with the later performance of the transplant and, 
importantly, with the level of immunosuppressive treatment which 
is required. 

Many of our HLA identical recipients have never been given 
steroid treatment at all, and the recipients of more compatible one- 
haplotype different kidneys are on relatively low doses of both pre- 
dnisone and Imuran. 

I would like to ask Dr. Kountz if he has looked for a relationship 
between compatibility and transplant performance in his sibling 
donor transplants other than the HLA identical group. In other 
words, he has grouped them all together, as l understood it, 
comparing just the HLA identicals with all the rest. The ques- 
tion is whether you have looked for a correlation with the remain- 
ing group who have not received HLA identical kidneys. We see, 
in this correlation, a gradually emerging reaffirmation that degrees 
of compatibility do indeed exist in human beings, just as they 
do in other species, that they can be measured, and that they are 
clinically important. 

I have greatly admired the zeal and persistence of Drs. Kountz 
and Belzer. They have done a wonderful job here in San Francisco 
and all of us in this field are in their debt. 
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Present Moore: As Dr. Murray said, this is the tenth an- 
niversary year of this operation, and the International Registry 
shows at the present time that there have been approximately 
nine thousand of these operations done throughout the world. 

I am going to ask Dr. Kountz to close, but 1 am going to also 
ask him an impossible task—to pick out one or two cf the par- 
ticular, salient points, and to discuss them in closing. 


Dn. SAMUEL L. Kocntz (Closing): I would like to comment on 
sensitization. We have observed that this is important. In order 
to solve this problem, we think the proper course should be to 
obtain more kidneys. If one has an adequate supply, it is possi- 
ble to find a kidney for which the recipient is not sensitized, 
and we do find that patients who have rejected a graft are much 
more sensitive than those who have not rejected a graft. 

There has been a lot of discussion about the HLA identical 
sibling, and I reported this finding because I was emotionally 
opposed to it, but I came upon this finding by the statisticians 
who look at our data, and I would like to comment on that by 
showing one slide because I think it will answer Dr. Russell's 
question and also a question of Dr. Najarian. 

[Slide] Dr. Russell, this is our results in siblings. We have done 
90 sibling transplants in which they have been typed for 20 HLA 
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antigens, and as you can see, the HLA identical siblings show 
100% survival for up to 8 years. The one-haplotype siblings show 
an 85 to a 95% survival. 

These are the two-haplotype siblings, and as you can see, those 
who have two-haplotype mismatch do not do as well—40% survival. 
We have observed in the past year, when we dropped our HLA 
standards and selected all donors, that our results in living, related 
donors did indeed become worse. So we feel that leukocyte typing 
can pick out, at least in siblings, a very good donor. 

I would like to answer Dr. Murray’s question. Since we remove 
all grafts that are not functioning well, more than 95% of our pa- 
tients who have transplants are gainfully employed and live normal 
lives, and we feel that if large doses of drugs are required to 
maintain the graft, that the patient is better off having the graft 
removed, returned to dialysis, and retransplanted. 

I would like to answer Dr. Goodwin's question about the use 
of living, unrelated donors. We began a program of living, un- 
related donors because we did not have a reliable technic for 
procuring cadaveric kidneys. Since we have an excellent technic 
for procuring cadaveric kidneys, we feel that living, unrelated 
donors are no longer justified, and we abandoned the program 
over 3 years ago. 

However, our psychiatric study demonstrated that many of these 
individuals indeed donated their kidney out of altruistic reasons. 


: 
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Effect of Rabbit ALG on Cadaver Kidney Transplant Survival 


HE CURRENT SURVIVAL RATE Of renal transplants from 
Tread living donors is reported to be about 80% 
at 1 year, although the survival of transplants from unre- 
lated cadaver donors is far less satisfactory and averages, 
world wide, about 50% at one year.!? The poorer results 
achieved with cadaver transplants undoubtedly reflect 
the greater genetic and, therefore, antigenic disparity 
that exists between cadaver donors and recipients. How- 
ever, the correlation between the degree of donor and 
recipient compatibility, as revealed by typing their re- 
spective lymphocytes for HL-A antigens, and the clinical 
results of cadaver kidney transplantation has been dis- 
appointing.!* Furthermore, the goal of obtaining a well- 
matched organ for each recipient of a cadaver Hoery 
remains impractical at present. 

Since a major cause of the lower survival rate of 
cadaver kidney transplants is uncontrollable rejection 
in the first few weeks after transplantation” it ap- 
peared logical to attempt to increase transplant survival by 
improving immunosuppresive therapy. Therefore, we be- 
gan, 3 years ago, a program of early, low dose treatment 
of cadaver kidney recipients with rabbit antihuman 
thymocyte globulin (ALG). We hoped by this brief, 
early ALG treatment to prevent acute transplant rejec- 
tion without significantly increasing the risk of conven- 
tional immunosuppressive therapy which each patient 
also received. We were quickly impressed with the 
efficacy of this therapeutic regimen and we,? as well 
as others!* have previously reported a high, l-year 
transplant survival rate in a small group of cadaver 
kidney recipients treated with ALG. It is the purpose 
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of the present report to record a sizable series of cadaver 
kidney transplants in which the l-year transplant sur- 
vival compares favorably with that ordinarily achieved 
with related, living donor transplants. 


Patient Population 


Thirty-nine consecutive recipients of cadaver kidney 
transplants at University Hospital, the Boston Uni- 
versity Services at Boston City Hospital and the Boston 
Veterans Administration Hospital, have received a 
course of five subcutaneous injections of rabbit anti- 
human thymocyte globulin (ALG) on alternate days 
beginning at the time of transplantation. The 39 pa- 
tients, 31 men and eight women, ranged in age from 
18 to 51 years. Each had reached terminal renal failure. 
The original kidney disease was glomerulonephritis in 
27, pyelonephritis in four, polycystic kidney disease in 
three, amyloidosis in two, and hereditary nephritis, 
diabetic nephropathy and nephrosclerosis in one each. 
Each patient had undergone bilateral nephrectomy prior 
to transplantation and was maintained on hemodialysis 
for a period of several weeks to several months before 
transplantation. 

Each recipient received a kidney from a cadaver 
donor of compatible erythrocyte group. Before trans- 
plantation the recipient’s serum was tested against the 
donor’s lymphocytes for preformed, cytotoxic antibodies 
and the transplant was not performed if this crossmatch 
was positive. In addition, the lymphocytes from each 
donor and recipient were typed for HL-A antigens by 
the Typing Laboratory of the New England Inter- 
hospital Organ Bank. The degree of donor-recipient 
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compatibility was graded by the criteria of Terasaki.® 
There were 4 B, 13 C, and 22 D transplant matches. The 
results of. HL-A typing were not used in donor selection. 

Kidneys were removed aseptically from the cadaver 
donor as soon after death as possible and were then 
perfused with cold Ringer's solution containing heparin 
and albumin, and stored in iced Ringer’s solution until 
transplantation. The warm ischemia time varied from 
5 to 60 minutes and the cold ischemia time from 1 to 7 
hours. Kidneys were transplanted to the iliac vessels 
in the pelvis by standard technics. The urinary tract 
was reconstituted by ureteroneocystostomy. 

In addition to ALG, each recipient was treated with 
conventional immunosuppressive therapy in the form 
of azathioprine beginning at a dose of 3 mg./Kg. of 
body weight daily and prednisone beginning at a dose 
of 1 mg./Kg. daily. Each recipient also received local 
irridation to the cadaver kidney transplant delivered 
with a cobalt (Co9?) radiotherapy unit. Doses were 
150 rads on days 1, 3 and 5 after transplantation. 

Acute transplant rejection was diagnosed by a fall 
in urinary output, a rise in serum creatinine and a fall 
in creatinine clearance. These signs were often ac- 
companied by fever, proteinuria, an active urinary sedi- 
ment, leukocytosis and hypertension. Acute rejection 
was treated by temporary increase in the daily pred- 
nisone dose to 100-200 mg./day. 


Preparation and Evaluation of ALG 


Antihuman ALG was raised in rabbits by a method 
described previcusly The thymocytes used for im- 
munization were obtained from pieces of fresh thymus 
gland excised to facilitate surgical exposure during 
pediatric open-heart operations. The final globulin prep- 
aration obtained after ammonium sulfate precipitation, 
was stored in sterile, single dose bottles. Merthiolate was 
added to a concentration of 0.01% as a preservative. 
By conventional electrophoresis the preparations used 
clinically were approximately 90% gamma globulin and 
10% beta and alpha globulin. The thymocyte agglutinin 
titres were 1:512 or higher. Rosette inhibition titres, 
determined by the procedure of Bach et al.,1 were 


TABLE 1. Cadaver Transplant Survival 








No. No. 
Transplants No. Patient 

Entering Rejections Deaths in 
. Interval In Interval Interval 
0-6 months 39 3* 3 
6-12 months 33 1 1 
12-24 months 31 1 2 
24-36 months 16 0 0 





* all hyperacute rejections 
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greater than 1:64,000. Hemagglutinination titres were 
1:128 or lower. 

The rabbit antihuman ALG used clinically in this 
study was independently evaluated under the super- 
vision of Dr. Donald Kayhoe of the National Institute 
of Allergy and Infectious Diseases. Administration of 
the ALC to Rhesus monkeys according to a standard 
protocol resulted in prolongation of skin allograft sur- 
vival to an average of 29 days, considered a marked 
increase in graft survival. The ALG was also found to 
be non-toxic to formed elements in the blood, with the 
exception of lymphocytes. 

The ALG was tested for antiglomerular basement 
membrane antibodies by Dr. Edmund J. Lewis, Thorn- 
dike Memorial Laboratory, Boston City Hospital, Har- 
vard Medical School, and was found to be free of such 
antibodies. 

An individual dose of ALG for clinical use was se- 
lected that compared, on the basis of body surface area, 
to a mid-range immunosuppressive dose of identically 
prepared ALG in laboratory animals. This human dose 
of 75-90 mg., dissolved in 3 ml. of phosphate buffered 
saline was administered subcutaneously in the anterior 
thighs. 


Histologic Studies 


Each transplanted kidney was biopsied at the time 
of transplantation and at 1 year and 2 years after trans- 
plantation. Several kidneys were also biopsied at inter- 
mediate times. All were open biopsies performed under 
local anesthesia. 

All biopsies were studied by light microscopy and 
most biopsies were also studied by fluorescence micros- 
copy and by electron microscopy, utilizing technics 
described previously.? 


Results 


The clinical results of the 39 cadaver kidney trans- 
plants in this series followed for more than 1 year are 
recorded in life table fashion in Table 1. Three patients 
lost their kidneys from hyperacute rejection ?9 as in- 
dicated by the immediate onset of rejection and the 
typical histologic appearance of fibrin accumulation in 
the cortical microvasculature. Each of these patients 
was known to have preformed antibodies against at 
least 20% of a normal lymphocyte donor panel pre- 
operatively. Each had a negative crossmatch with his 
kidney donors lymphocytes prior to transplantation. Six 
other presensitized patients in this series were trans- 
planted without evidence of early rejection. 

Four patients died in the first year following trans- 
plantation. One of these patients died of an apparently 
unrelated cause, rupture of a congenital intracerebral 
aneurysm. The other three patients died of sepsis, one 
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Fic. 1. Histologic appear- 
ance of kidney transplant 
7 months after trans- 
plantation removed from 
48-year-old man follow- 
ing three episodes of 
acute rejection. There are 
many hyalinized glomer- 
uli, moderate interstitial 
infiltrate and fibrosis and 
marked intemal hyper- 
plasia of the arteries. (H 
& E x100) 


of an abscess surrounding a previous gastroenterostomy, 
one of empyema following drainage of a spontaneous 
pneumothorax and one of miliary tuberculosis. Only one 
patient in the group of 30 lost his kidney from con- 
ventional acute rejection in the first year following trans- 
plantation. This 48-year-old man had three episodes of 
acute rejection during the first 6 months following 
transplantation of a C match cadaver kidney. The kidney 
was removed in the 7th month when it failed to main- 
tain life sustaining function, The histologic appearance 
of this transplant is illustrated in Figure 1. In the second 
year after transplantation two more patients died of 
sepsis, one following urethral instrumentation and the 
second following cholecystectomy for acute cholecystitis. 
One further patient lost his kidney in the second year 
after transplantation from typical chronic rejection.* 
Thirty-one of the 39 transplants were functioning at 
l year for a crude l-year transplant survival rate of 80%. 
The 1-year patient survival rate was 90%. Sixteen of 24 
transplants were functioning at the 2-year interval for 
a crude 2-year transplant survival rate of 674, The 
2-year patient survival rate was 754. If the three hyper- 
acute transplant rejections are excluded from considera- 
tion, since no known immunosuppressive therapy could 
be expected to alter the outcome in these individuals, 
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the 1-year transplant survival rate is 86% and the 2-year 
survival rate is 76%. 

One of the most striking features of this series of 39 
cadaver transplants was the paucity of acute rejection 
episodes. Excluding the three hyperacute rejections 
noted above, there were 16 episodes of acute rejection 
in 13 patients, Only two patients had more than one 
rejection episode. The first of these patients, as discussed 
above, lost his transplant in the 7th month. The second 
patient had two well documented rejection episodes and 
has diminished, but life sustaining, renal function at 
the 1 year interval. The earliest acute rejection episode 
in the entire group of patients occurred on the forty- 
second day after transplantation. 

As a correlary to the relative lack of acute rejection 
episodes in this series of patients, the average daily 
steroid dose was considerably less than we had previ- 
ously observed in cadaver transplant patients and lower 
than that reported by others,*:710.11 The average steroid 
dose for the first 15 patients in this series is illustrated 
in Figure 2. The curve is remarkably similar to that 
reported by Starzl and associates 18 for a series of re- 
lated living donor transplants treated with ALG. 

Twenty-nine of the 3] transplants functioning at 1 
year were classified as having good renal function, 
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Fic. 2. The mean prednisone dose for the first 15 patients in this 
series is illustrated. The use of ALG appeared to permit early 
reduction of the prednisone dosage. 


serum creatinine 2.0 mg./100 ml. or less, creatinine 
clearance 50 ml./minute or more. Two transplants had 
diminished renal function with creatinine clearances in 
the 15-20 ml./minute range. One of the latter two pa- 
tients had two clear cut episodes of acute rejection as 
noted above. The second had a kidney damaged by 
misdiagnosed ureteral obstruction. The renal function 
of all 16 transplants reaching the 2-year interval remains 
good. However, two of the transplants surviving 2 years 
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TABLE 2. Thirty-nine Cadaver Transplants 





Deaths 


Non-fatal Complications 





Sepsis 

Complicated peptic ulcer 
Pulmonary embolus 
Parathyroidectomy 
Aseptic necrosis of hip 
Ureteral obstruction 
Urinary leak 

Small bowel obstruction 
Hepatitis 


Sepsis—-3 1st year 

—2 2nd year 
Rupture of congenital 
intracerebral aneurysm—1 


— c - NN LN I T9 0 Ca 





have appreciable proteinuria (24-hour protein excre- 
tion greater than 500 mg. ). 

Non-fatal complications in the 39 transplant recipients 
are listed in Table 2. Five patients had significant bac- 
terial or fungal abscesses in the postoperative period. 
One of these patients required enucleation for nocardial 
infection of the orbit. Three patients required operation 
for complications of peptic ulcer. Two patients had well 
documented pulmonary emboli in the post-transplant 
period and two patients ultimately required parathyroid- 
ectomy for marked hyperparathyroidism persistent be- 
yond the 6-month post-transplant interval. Two patients 


Fic. 3. Histologic ap- 
pearance of biopsy of 
renal transplant 1 year 
after transplantation in 
a 41-year-old man in 
this ‘series. Marked 
intimal hyperplasia of 
the arteries and inter- 
stitial fibrosis is noted 
suggesting marked 
changes of chronic re- 
jection. (H & E x60) 
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Fic. 4. Histologic ap- 
pearance of 1l year 
transplant biopsy in 
29-year-old man in 
this series. There is 
mild focal mesangial 
condensation and mild 
interstitial edema. 
(PAS stain x 250) 


required operation for aseptic necrosis of the hip, pre- 
sumably secondary to steroid therapy. Two patients de- 
veloped ureteral obstruction, one from fibrous stenosis 
of the distal transplant ureter and the other from 
lymphocele. Both were corrected surgically. One patient 
developed a urinary leak from a small necrotic area in 
the renal pelvis which closed after nephrostomy drain- 
age. One patient developed small bowel obstruction pre- 
sumably secondary to prior abdominal surgery and one 
contracted infectious hepatitis. 

The subcutaneously administered ALG was well toler- 
ated by almost all patients in this series, Fifteen of the 
39 patients had clear cut local inflammatorv reactions 
at the injection sites and suffered mild discomfort. How- 
ever, no patient had symptoms of sufficient severity to 
warrant consideration of cessation of ALG therapy. A 
febrile response in the early postoperative period was 
common in this group of patients. However, it was im- 
possible to decide in how many instances this was related 
to the ALG therapy. There was no evidence of systemic 
toxicity, rash, urticaria or serum sickness-like syndrome. 
The one consistant hematologic effect of ALG adminis- 
tration appeared to be profound lymphopenia which was 
noted immediately after the first injection of ALG and 
persisted for from 4 to 6 weeks thereafter when lym- 
phocytes again gradually reappeared in the peripheral 
blood. While lymphopenia is certainly seen after conven- 
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tional immunosuppressive therapy, we have not en- 
countered lymphopenia of this degree or duration pre- 
viously. There was no evidence of red cell or platelet 
destruction in any of the patients treated in this series. 

Histologic examination of the l-year renal biopsies in 
this group of patients revealed evidence of severe chronic 
rejection in only three (Fig. 3). Two of these patients 
had evidence of diminished renal function at the l-year 
interval. The third had normal function but went on to 
lose his kidney from progressive chronic rejection at the 
22nd month. The remaining patients had evidence of 
mild or minimal changes of chronic rejection consisting 
of mild focal mesangial condensation in the glomeruli, 
mild interstitial fibrosis, occasional edema and patchy 
interstitial round cell infiltration (Fig. 4). Electron mi- 
croscopy confirmed these findings and showed focal 
fusion of glomerular foot processes, irregular basement 
membrane thickening and occasional subendothelial 
amorphous deposits and focal increase in mesangial 
matrix. 

Fluorescence microscopy studies indicated significant 
deposition of immunoglobulin in only one patient at 
the l-year interval and deposition of fibrin in the glo- 
meruli of three patients. Rabbit gamma globulin was 
not demonstrated in any kidney biopsy. The 2-year kid- 
ney biopsies have not indicated a significant progression 
of chronic rejection in the patients examined (Fig. 5). 


026 





Discussion 


Previous work in the experimental laboratory con- 
vinced us that the injection of rabbits with foreign thy- 
mocytes in Freund's complete adjuvant followed in 4 
weeks by an intravenous booster of the same cells would 
yield antilymphocyte globulin of consistently high po- 
tency.? Three years clinical experience with rabbit anti- 
human ALG prepared in an identical manner has sug- 
gested that this conclusion was correct. The early 
administration of low doses of rabbit ALG to a series of 
39 consecutive cadaver kidney recipients has, we believe, 
altered the clinical course of these patients significantly 
from what we and others have previously experienced 
with cadaver transplant recipients treated with conven- 
tional immunosuppressive therapy. 

First, all acute rejection episodes were postponed to 
the sixth week after transplantation or beyond, when 
the patients had recovered from operation, their incisions 
were healed, and the danger of septic complications of 
antirejection treatment were reduced. Second, only one- 
third of the patients experienced any detectable acute 
rejection episodes and those that occurred were easily 
controlled in the vast majority of instances. Third, the 
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Fic. 5. Histologic ap- 
pearance of 2-year 
renal kidney transplant 
biopsy in 26-year-old 
patient in this series. 
Renal architecture is 
well preserved. There 
are minor interstitial 
infiltrate and mild fo- 
cal mesangial conden- 


sation. (H & E x 100). 


average prednisone dose could be kept lower than in our 
previous experience with cadaver kidney transplants. 
The average dose at 6 months after transplantation in this 
series of patients was 20 mg. per day and at 1 year 10 
mg. per day. Finally, the 1-year transplant survival rate 
for this group of patients is comparable to that generally 
reported for related living donor transplants, 80%. 

These results were achieved without an unacceptably 
high number of infectious complications which, perhaps, 
reflects the fact that the ALG was administered only in 
an initial brief course and, therefore, did not contribute 
to the suppression of host defense mechanisms beyond 
the first few postoperative weeks. 

The older literature on the serum therapy of pneumo- 
coccal pneumonia suggests that rabbit serum was more 
easily tolerated by patients than horse serum and pro- 
duced less sensitivity reactions." Certainly, it has been 
possible to administer rabbit ALG to all the patients in 
the present series without significant side effects. Since 
we had convincing evidence that the potency of this 
ALG was high, we felt it reasonable to keep the indi- 
vidual dose low which permitted us to utilize the sub- 
cutaneous route of administration. This avoids potential 
dangers of intravenous administration which include im- 
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mediate systemic hypersensitivity reactions and possible 
vascular damage within the tránsplanted kidney and 
elsewhere.® 

While the l-year transplant survival is satisfactorily 


high in this series of patients, the 2-year transplant sur- 


vival is reduced to 67% in the 24 patients who could have 
reached the 2-year interval at the time of tlie present 
writing. It is also true that three patients in this series 
showed marked changes of chronic rejection in their 1- 
year transplant biopsies and that one of these patients 
has lost his transplant from chronic rejection. However, 
l year biopsies on the remaining patients have shown 
very little evidence of chronic rejection and the renal func- 
tion of those patients who have reached the 2-year interval 
has been uniformly good. It has also been our experience, 
and that of others,4? that transplants which are func-, 
tioning normally at the 2-year interval will most com- 
monly go on functioning for several years thereafter. It 
therefore would appear that the immunosuppressive 
therapy received by the patients in the present series 
has not only diminished early transplant loss but may 
very well have favorably influenced the late rejection of 
these transplants as well. 

While the transplant survival rates in this series are 
among the highest reported for cadaver kidney trans- 
plants, it is not entirely certain that these results are 
attributable to the use of rabbit ALG. A randomized or 


` double blind study has not been performed. However, a 


randomized study of the effect of goat ALG on 
cadaver kidney transplants has recently been reported by 
Sheil and associates #5 who have concluded that the use 
of ALG has resulted in a significant improvemerit in 
cadaver transplant survival. 


Summary 


1. Thirty-nine consecutive recipients of cadaver kidney 
transplants were treated with a short, early course of 
rabbit antihuman ALG in addition to conventional im- 
munosuppressive therapy. The 1-year transplant survival 
in this group of patients is 80%. 

2. Hyperacute rejection, apparently caused by pre- 
formed antibodies against donor tissue, and deaths from 
infection accounted for the majority of transplant losses. 
Only one patient lost his transplant because of conven- 
tional acute rejection. Only one-third of the patients had 
any clinically detectable acute rejection episodes. 

3. Marked histologic and clinical evidence of chronic 
rejection was seen in the transplants of three patients iri 
the present series. Sixteen patients have reached the 2- 
year interval with good rerial function. The 2-year trans- 
plant survival rate in those patients followed for that 
period of time is 67%. 

4. The subcutaneously administered rabbit ALG was 
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well tolerated by the patients in this series and caused no 
significant complications. 
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Discussion 


PmesmxNT Ruoans: I would like to ask Dr. Mannick about the 
ratio of rabbits to patients which is needed for this program, I 
recall when rabbits were breeded to produce pneumococcus type 
specific sera, just before the advent of penicillin and the sulfon- 
amides, that it was a very expensive operation and very many 
animals were involved. 


Dr. Jonn Sams NAjAnraN (Minneapolis): I congratulate Dr. 
Mannick and his group on the work they have done. with rabbit 
ALG. I am pleased that his work is confirmatory to others who 
have been working in this field. ALG, when added to an im- 
munosuppressive regimen, has made a great deal of difference, in 
kidney survival, and Y think tlie studies by the Boston University 
group further clarify this issue. 

I think if one is in the transplant business, he must have several 
types of ALG. We particularly use horse ALG, but in addition, 
if one is going to do a second transplant and the patient is 
sensitized—about 50% of patients become sensitized to the ALG 
in our experience—then one has to have some other source of 
ALG. Our second choice currently happens to be goat, and ap- 
proximately 6 months ago we also started raising ALG in rabbits. 

They are all good and are all needed in an active program. 
Dr. Kountz stressed the ability to proceed arid retransplant as soon 
as the patients appear to be losing their kidney, this is important 
and requires other back-up ALG's. 

I ask Dr. Mannick: What is your other source of ALG, other 
than the rabbit? What do you use for retransplantation? 

The other question relates to dosage, which is a point of con- 
tention that we have had in the past. We have stressed a very 

m4 


high dose, based on our series of experiments with some 176 
skin grafts in man, using our own ALG, which is prepáred in 
horses. We found a very nice dose response curve with a maximum 
effect at about 30mg./Kg. 

The dosage you are using, of course, is far less than this, and 
it obviously is working; your results are very good. The question 
I would have is: In the testing of ALG on monkey skin grafts, 
was the dose of ALG adjusted in the monkeys to the kind of dose 
that you are giving to humans, or was it the same standard dose 
that Dr. Kayhoe gives to each one of the animals when they are 
tested with horse, goat and other types of ALG? 


Dr. Joun A. Mannick (Closing): In answer to Dr. Rhoads’ 
question, it is about five patients per rabbit in the dose we are 
using. 

m response to Dr. Najarian's questions, in Dr. Kayhoe's com- 
parative testing series all ALG doses are the same, as I am sure 
Dr. Najarian is aware, and ours is no exception. This is the only 
way, of course, he could get comparative data. 

As his testing goes on, it is quite apparent that a number of 
the ALG preparations in clinical use in this country have no 
effect in his system. Therefore the pronounced effect that rabbit 
ALG has had there speaks for its potency. I believe that this 
kind of comparative study gives us assurance that we are dealing 
with very potent antiserum, and that is why Y believe the clinically 
acceptable dose is relatively low. 

Back-up ALG, I think, will someday be a problem for us. About 
20% of our patients are sensitized to their ALG, and we so far 
have not had to use back-up ALG. If we must use ALG from 
another species, I am afraid we will have to go to friends who 
produce it in goats, horses, et cetera. 
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Induction of Immunological 


Tolerance to Allogeneic Tissues 
in the Canine Species 


F. T. RAPAPORT, M.D., K. WATANABE, M.D., M. MATSUYAMA, M.D., 


DVANCES in modern surgical technology have 
À solved most if not all technical problems of organ 
transplantation. A successful application of these new 
technics to the treatment of human disease has been 
hampered, however, by one principal obstacle—the re- 
cipient’s recognition of transplanted tissues as foreign, 
and his attempt to destroy them through immunological 
mechanisms normally intended to protect the host from 
invasion by infectious microorganisms.** 

A significant array of data indicates that the tempo and 
intensity of allograft rejection reactions depend largely 
upon the degree(s) of antigenic difference occurring be- 
tween any one donor and recipient.** This consideration 
has stimulated intensive research efforts aimed at the 
development of methods of selection of optimally com- 
patible donor-recipient pairs for organ transplanta- 
tion.118 Technics described for this purpose have in- 
cluded in vivo tests with skin allografts 52.53.66.86 or with 
lymphocytes obtained from the prospective organ donors 
and recipients,?1718.87 and in vitro tests, based upon cellu- 
lar 344248 and serum antibody-mediated 79.74.6687 reac- 
tions in the test tube. In the latter category of studies, the 
classical work begun by Gorer, Snell and associates 32.38. 
9472/3 has culminated, within a relatively brief period, in 
the serological identification of major systems of histocom- 
patibility in man,’ mice,” rats,99/75 guinea pigs,” pigs,*? 
chimpanzees € and rhesus monkeys.® l 
In the canine species, similar studies by Ferrebee, 
Thomas and associates,?1-45.56,80,68.89 Cleton et a]. 29 Cohen 
and Kozari,” and Epstein et al?* have resulted in the 
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observation that immunization of dogs, and especially of 
littermate pairs of animals,” with leucocytes and/or skin 
allografts, could produce group-specific leucocyte isoanti- 
bodies in the recipients. Further studies of this observa- 
tion in a selectively bred colony of beagles established at 
the Mary Imogene Bassett Hospital in Cooperstown, New 
York, yielded a battery of lymphocytotoxic antisera cur- 
rently capable of detecting 12 leucocyte antigen spec- 
ificities (or sets of specificities) in this particular dog 
population. Transplants of skin, kidneys, hearts, lungs 
‘and liver performed on the basis of donor-recipient com- 
patibility for these antigens were accorded significant 
prolongations in survival time.!3:19,30,56,62,06 In addition, 
Mollen et al.®* provided evidence. that such leucocyte 
antigens were transmitted as Mendelian autosomal domi- 
nants in the Cooperstown colony. Taken together, these 
data supported the conclusion that such antigens were 
components of a major system of canine histocompati- 
bility for which the term DL-A was proposed. Bos ei 
al.,!* Templeton and Thomas,”* Vriesendorp et al.® and 
Westbroek and associates *5 have provided additional evi- 
dence of existence of such a major histocompatibility 
locus in dogs. In addition, recent genetic studies of the 
segregation of the DL-A antigens in 679 offspring of 141 
matings in the Cooperstown colony. have resulted in the 
identification of 23 different DL-A haplotypes, and have 
led to the deduction of the DL-A genotypes of 1302 off- 
spring of 517 matings in this colony.?5 

The development of precise genetic information re- 
garding the DL-A haplotypes of individual members of 
the Cooperstown colony has made possible a re-examina- 
tion of the results of earlier studies of bone marrow 
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transplantation in this population.?' This report describes 
the long-term uneventful survival of 17 consecutive 
irradiated chimerae in which life has been maintained 
thus far for 181 to 619 days with bone marrow allografts 
obtained from prospectively selected, genotypically DL-A 
identical donors. The recipients include 11 dogs trans- 
planted with bcne marrow obtained: from a littermate 
donor and six dogs given marrow from a non-littermate. 
All recipients underwent bilateral nephrectomy and were 
given renal allografts obtained from their specific bone 
marrow donor within 1 to 4 months after the marrow 
transplant. These renal allografts are currently function- 
ing normally for 161 to 556 days. The chimerae are also 
tolerant to skin allografts obtained from the specific 
donor of bone marrow. The recipients, however; have 
retained the capacity to reject skin allografts obtained 
from other DL-A compatible and incompatible donors 
at a rate and intensity indistinguishable from the reaction 
observed in normal dogs. 


Materials and Methods 


The experimental animals were male and female 
beagles of the Cooperstown colony, weighing 18-25 lbs, 
maintained on a standard diet. Donor-recipient pairs 
were selected for transplantation on the basis of genetic 
criteria of DL-A identity. Deduction of each individual 
genotype was based on earlier studies of the trans- 
mission of DL-A haplotypes in the Cooperstown Colony.” 
The genetic data were confirmed by leucocyte grouping 
determinations performed with a standard battery of 


TABLE 1. Chimeric Status and DL-A Genotypes of 17 Supra-lethally 
Irradiated Recipients of Bone Marrow Obtained from DL-A 
Identical Donors. 





DL-A 
Genotypes of 
Donor and 
Recipient 


bkhfm/gin 
bkhfm/bkhfm 
bkhfm/bkhfm 
gin/be 
bkhfm/bkhfm 
gin/gin 
bkhfm/bkhfm 
gin/gin 
bkcdn/bkhfm 
bkhfm/gin 
bkhfm/bkhfm 


bkhfm/bkhfm 
bkhfm/bkhfm 
gln/g.n 
blcifm /bkhfm Littermates + + 
bkhfm/bkhfm + 
gln/gin + 


* Blank spaces refer to non-informative pairs where donor and 
recipient were of the same blood group and/or sex. ` 
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lymphocytotoxic antisera,99 by technics which have been 
described in a previous report." The DL-A specificities 
(or sets of specificities) detectable under these experi- 
mental conditions included b, c, d, e, f, g, h, k, l, m, n, and 
0. Erythrocyte group antigens were determined by the 
method of Swisher.’? Coefficients of relationship of each 
donor-recipient pair were calculated by standard 
methods.’ l 

The prospective bone marrow — received a 
supralethal dose (1,200 to 1,400 rads) of total body 
irradiation by exposure to two opposing Co*? sources, at 
an exposure rate of 3 to 4 rads per minute.?? Twelve to 
18 hours later, the animals received an intravenous in- 
fusion of 3 to 3.5 x 10° bone marrow cells from the pros- 
pective donor.'?:3? The cells were obtained by needle 
aspiration of the long bones and sternum of the donor. 
Leucocvte and platelet levels were determined three 
times weekly for the first 21 days after transplantation 
and each week thereafter. The establishment and persis- 
ence of the chimeric state were confirmed, where feasible, 
by testing for the presence in each recipient's circulating 
blood of erythrocytes positive for the donor's Swisher 
erythrocyte groups, and of leucocytes bearing the sex 
characteristics of the donor.?? 

Within 43 to 120 days after marrow ——— 
each chimera underwent bilateral nephrectomy and trans- 
plantation of a kidney obtained from the bone marrow 
donor. The technic of renal transplantation into the pelvis 
of the recipient has been described.9* Renal function was . 
monitored daily for the first 30 days after transplantation 
and at bi- -weekly intervals thereafter. The irradiated 
chimerae were tested within 230 to 450 days after mar- 
row transplantation with skin allografts obtained from the 
specific donor of bone marrow and from other donors of 
known DL-A genotypes. The method of skin grafting and 
criteria for the determination of allograft rejection have 
been described in an earlier report, 


Results 
Table 1 lists the DL-A genotypes of the animals studies, 


including 11 littermate and six non-littermate donor-re- 
cipient pairs. The DL-A genotypes were bkhfm/gln, 
bkhfm/bkhfm, gln/be, and gln/gln. Evidence of the 
establishment and persistence of bone marrow chimerism 
was obtained at regular intervals in 13 informative pairs 
of dogs (nine littermates and four non-littermates), where 
the donors and recipients differed in erythrocyte group 
antigens and/or sex. The coefficients of relationship? of 
the sires and dams of the 11 littermate pairs of dogs 
ranged from zero to 1/128. The coefficients of relation- 
ship of donors and recipients in the six non-littermate 
pairs ranged from 1/8 to 87/512. 

Figure 1 illustrates the results of transplantation in 17 
prospectively selected recipients of genotypically DL-A 
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identical bone marrow. Eleven animals given marrow 
from a littermate donor are currently surviving without 
evidence of secondary graft-versus-host (GVH) disease 
for 285 to 619 days after transplantation. The individual 
survival times thus far are 285, 334, 394, 410, 501, 501, 554, 
575, 595, 605, and 619 days, respectively. Six recipients 
of non-littermate bone marrow are currently surviving 
without GVH disease for 181 to 450 days, with individual 
survivals of 181, 249, 250, 388, 449 and 450 days, re- 
spectively. The results are contrasted in Figure 1 with 
earlier data reported by other authors?? regarding the 
survival of 17 recipients of bone marrow obtained from 
littermate donors selected on the basis of serological 
matching technics in another population of dogs. In the 
latter series, less than 50% of the chimerae survived at 
150 days and less than 25% survived at 240 days after 
bone marrow transplantation. 

As noted in Figure 2, each of the radiation chimerae 
reported in the present study is currently surviving with 
normal renal function, after transplantation of a kidney 
obtained from the bone marrow donor. Such renal allo- 
grafts are surviving at this time for 204, 283, 347, 348, 
411, 414, 452, 527, 550, 551 and 556 days, respectively, 
in 11 littermate recipients, and for 161, 170, 191, 319, 331, 
and 375 days in non-littermate recipients. The results are 
contrasted in Figure 2 with the survival time of renal allo- 
grafts in 13 untreated littermate and nine untreated non- 
littermate donor-recipient pairs selected in the Coopers- 
town colony on the basis of similar criteria of DL-A 
compatibility. The range of survival of these allografts 
was 13 to 38, and 16 to 45 days, respectively.95?5 DL-A 
incompatible renal allografts survived in eight untreated 
littermate and in 19 untreated non-littermate pairs of 
animals for 11 to 20 and for 10 to 18 days, respectively. 

Figure 3 summarizes the survival of skin allografts ob- 
tained from the specific bone marrow donor and from one 
or more DL-A incompatible donors in the 17 radiation 
chimerae, Seven of eight bone marrow donor-specific skin 
allografts currently survive in littermate recipients for 80, 
86, 86, 92, 132, 148 and 169 days, respectively; one graft 
was rejected on the 84th day. In contrast, the chimerae 
rejected 15 skin grafts obtained from DL-A incompatible 
donors within 12 to 26 days (MST = 16.3 days). In 
six non-littermate bone marrow recipients, skin allo- 
grafts obtained from the donor of marrow currently sur- 
vive for 77, 80, 80, 98, 113, and 113 days, respectively. 
Eleven DI-A incompatible skin allografts were rejected 
by these recipients within 10.5 to 18 days (MST — 14.7 
days). 


Discussion 


It is generally agreed that further progress in organ 
transplantation is dependent upon the development of 
technics capable of producing allograft tolerance without 
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interference with the remainder of the host’s immuno 
logical defenses. The classical studies of Medawar anc 
associates’? have demonstrated that exposure of pros 
pective recipients to specific antigenic stimulation before 
the development of immunological competence. can sup 
press allograft responsiveness. These studies, taken to 
gether with a number of other observations, including 
immunological enhancement 4:71.74 and the varying de 
grees of allogeneic unresponsiveness produced by pre 
treatment of adult animals with antigen(s) 1695:99.40.51,51 
highlight the potential feasibility of immunologically in. 
duced specific transplantation tolerance in the mam 
malian host. 

The production of chimerism by supralethal total body 
irradiation and bone marrow transplantation constitute: 
a uniquely important approach to the problem of trans 
plantation tolerance.??? In early attempts to apply thi: 
experimental model to the canine species, Ferrebee 
Thomas and associates 1250.80 transplanted bone marrow 
obtained from a randomly selected donor into irradiated 
recipients. These authors noted that a recipient occasion: 
ally survive treatment, and was unresponsive to skin graft: 
obtained from the donor of marrow.?! One long-term 
kidney * and lung! allograft were produced in the 
same manner. Lack of availability of methods capable 
of prospectively selecting optimally compatible donor. 
recipient pairs of dogs in which long-term bone marrow 
survivals could be produced in regularly predictable 
fashion seemed, however, to be an insurmountable 
obstacle for further progress of this endeavor." 

Recent advances in the genetic and serological defini- 
tion of the DL-A system;?5 and availability of selectively 
bred lines of beagles of known DL-A genotypes within 
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the Cooperstown colony have provided an opportunity 
to re-examine this question. The results indicate that the 
application of combined genetic and serological criteria 
of DL-A identity to the selection of donor-recipient pairs 
in this population of animals can provide regularly re- 
producible long-term bone marrow allograft survivals in 
irradiated recipients. The ability to produce bone marrow 
chimerism in littermate as well as in non-littermate pairs 
of dogs, and the coefficients of relationship of the donors 
' and recipients prcvide convincing evidence that the re- 
sults are not due to a generalized state of consanguinity 
in the Cooperstown colony. The frequent failure of bone 
marrow transplants in randomly selected pairs of litter- 
mate and non-littermate dogs in this colony further sup- 
ports this contention. 

The results of bone marrow transplantation described 
in this report differ significantly from earlier observations 
by Epstein et al.?? In the latter series of 17 bone marrow 
allografts performed in littermate pairs selected on the 
basis of serological matching, less than 50% of the re- 
cipients remained alive at 120 days, and less than 30% 
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Fic. 2, Results of donor- 
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survived at 240 days after transplantation. This diver- 
gence may be a reflection of the different canine popula- 
tion studied by Epstein et al.?° It may also be related to the 
use by these authors of different serological reagents, and 
to the application of phenotypic. rather than genotypic 
criteria of compatibility. Alternatively, it is possible that 
as has been observed in man,**-54,7.75 GVH reactions may 
be triggered by histo-compatibility (H-) antigens other 
than those which are detectable by currently available 
in vitro technics. The regularly reproducible survival of 
genotypically DL-A identical bone marrow transplants 
observed in the present study raises the possibility that 
there may be an association between a certain portion of 
such H-antigens and the DL-A genotypes of the animals 
under consideration. Further studies of the selectively 
bred lines of beagles of known DL-A genotypes cur- 
rently in preduction in the Cooperstown colony may, 
therefore, provide an approach to the identification of 
these H-antigens. 

Bone marrow transplantation appears to have induced 
in each recipient a state of long-term tolerance to kid- 
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Fic. 3. Responses of skin 
allograft in DL-A identi- 
cal irradiated chimerae. 
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ney and skin allografts obtained from the specific donor 
of marrow. This observation confirms for the canine 
species the thesis of Main and Prehn * that bone marrow 
transplantation may induce such a specific state of allo- 
graft tolerance in mammals. The ability of the irradiated 
chimerae to promptly reject skin allografts obtained from 
DL-A incompatible donors provides evidence of the 
immunological specificity of this tolerant state. It is also 
consonant with the recent report of Ochs et al.59 regard- 
ing the normal levels of cellular and humoral immuno- 
logical responsiveness in long-term irradiated chimerae. 

It has recently been suggested!5 that the differences 
between the classical immunological concepts of tolerance 
and enhancement are generally narrowing. Although the 
precise mechanisms implicated in the allogenic unrespon- 
siveness described in this study are not clear, it may be 
relevant to note in this regard that blocking antibodies 
of the Hellström type *! have been observed in long-term 
canine bone marrow chimerae 4° as well as in human re- 
cipients of renal allografts.? Such antibodies may consti- 
tute a reflection of the accommodation of the transplanted 
bone marrow cells to the spectrum of non-DLA H-antigens 
present in the recipients but absent in donor cells. Al- 
ternatively, this humoral response may be of host origin. 
Epstein, Bryant and Thomas?’ have provided evidence 


Littermate 
Radiation 
Chimerae 


DL-A pensis] Di-A Identical | DL-A Incompatible 
Bone Marrow 


Non-Littermate 
Radiation 
Chimerae 











of the repopulation of irradiated recipients by the trans- 
planted bone marrow cells. Although their data favor the 
first hypothesis, it is not impossible that further studies 
of greater numbers of irradiated chimerae may identify 
surviving components of the host’s own reticuloendothel- 
ial system which are capable of producing such a humoral 
response. Further study of these possibilities may be of 
usefulness in the delineation of the mechanisms of allo- 
geneic unresponsiveness associated with bone marrow 
chimerism. 


Summary 


Transplantation of marrow obtained from prospec- 
tively selected genotypically DL-A identical donors into 
supralethally irradiated dogs has produced the long-term 
survival of bone marrow allografts for 285, 334, 304, 410, 
501, 501, 554, 575, 595, 605 and 619 days, respectively, in 
1] recipients of littermate marrow, and for 181, 249, 250, 
338, 449 and 450 days, respectively, in six recipients of 
non-littermate marrow. All chimerae continue to survive 
uneventfully, with no evidence of graft-versus-host dis- 
ease. 

Renal allografts obtained from the specific donor of 
marrow are currently functioning normally and maintain- 
ing life in each chimera for 161, 170, 191, 204, 283, 319, 
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331, 347, 348, 375, 411, 414, 452, 527, 550, 551 and 556 
days respectively. In 13 of 14 instances, the chimerae were 
also unresponsive to skin allografts obtained from the 
donor of marrow. Such allografts are currently surviving 
for 77, 80, 80, 80, 80, 86, 92, 98, 113, 113, 132, 148, and 
169 days respectively; one allograft was rejected on the 
84th day. In contrast, skin allografts obtained from DL-A 
incompatible donors were rejected within 10.5 to 21 days. 
This result illustrates the individual-specific nature of the 
state of allograft tolerance produced by bone marrow 
transplantation in irradiated chimerae. 
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Discussion 


Dr. Joseru E. Murray (Boston): This is a satisfying demonstra- 
tion of a completed experimental model; namely, the production 
of immunological tolerance in a large animal by use of a donor 
antigen in the form of marrow, preceding the vascularized organ 
graft. This goes back to the work of Main and Prehn in 1955. 
It has taken 17 years to complete their work in irradiation, bone 
marrow induced tolerance to skin grafts in mice, to its completion 
in the large animal. This has required not only canine serological 
typing, as you have heard, but genotyping, and establishing a 
DL-A system. 

The specificity of this tolerance, extending beyond littermates, 
seems dependent on the DL-A identity plus the donor antigen. 
The DL-A identity is not enough in itself. They have eliminated 
p reaction, and they have achieved prolonged 

idney graft survival. Would you, or have you, in these chimeras 

hee tolerance of kidney or skin from other DL-A com- 
patible donors? In other words, in your chimeras you have 
achieved successful kidney grafting and suċcessful skin grafting 
if the graft donor is the marrow donor. Can you in'these same 
chimeras use a DL-A identical donor, but not the one who has 
given the marrow? 

And a final word on the hierarchy of antigenicity. We all know 
that skin grafts are more difficult to take than kidney grafts, and 
there is that one interesting animal that Dr. Rapaport has pre- 
sented, which rejected his skin graft at 84 days. We have in 
our laboratory currently a drug-treated dog, which has kept a 
kidney allograft now for 10 years. He had received immuno- 
süppressive drug therapy only for the first year and a half, and 
the remaining 8% years he has not received any therapy at all. 

We checked him 1 year ago to see whether or not he was im- 
munologically tolerant. Because the kidney donor was still alive 
we were able to use a skin allograft as a test. The skin graft was 
successful for over 100 days, hair grew luxuriantly, and looked 

erfectly normal until the 130th day. At that time the animal's 

idney function precipitously deteriorated, and the graft showed 
the first signs of rejection. We immediately removed the rejecting 
skin graft, and the kidney function came back to normal and has 
remained so far the past year. 

This animal we had thought, after so many years of normally 
functioning allograft without any drug therapy, would certainly 
have achieved successful tolerance. We found however, that it 
had not. Further analysis of this animal? disclosed that the im- 
munological enhancement seemed to be the most likely mechanism 
of this indefinite allograft survival probably due to the high levels 
of alloantiserum to the graft donor in this recipient. 





* Murray, J. E. and Simonian, S. J. Further Analysis of the 
Mechanism of Prolonged Survival of Canine Renal Allografts. 
Transplantation Proc., Vol. ITI, No. 1, 1971. 


Therefore, I would hope the authors will keep the skin grafts on 
for at least a year or possibly longer and observe them carefully be- 
fore drawing complete conclusions about survival. 


Dr. Davi M. Hume (Richmond): I would like to ask Dr. 
Rapaport three questions. . 

The first is whether he investigated a series of kidney and 
skin transplants without marrow transplants in these animals; and 
if so, what was the survival time? In other words, did a kidney or 
skin transplant from a DL-A identical animal survive in a pro- 
longed fashion also? 

This might, perhaps, answer whether the blocking antibodies 
were of hcst or donor origin. If the kidney transplant was rejected 
fairly rapidly, then presumably the blocking antibodies must have 
been of bone marrow donor origin. 

Secondlv, haw would he explain the absence of the graft 
versus host reaction in these animals, since in humans who are 
HL-A identical and who have borne marrow transplants, the graft 
versus host reaction is almost invariably present, and must sup- 
pressed with Cytoxan or some other mechanism? how does he 
explain this, and what is the relevance of this dog study, then, 
to human bone marrow transplantation? 

Finally, the third question is: Were the HL-A identical non- 
littermate animals related animals, even though they were not 
littermates? If not, does he think that this experience is relevant 
to cadaver donor transplants in man who are HL-A identical, and 
would he assume that they would do as well as related HL-A 
identical humans? 

In other words, how does this animal study, Felix, related to 
human experience? 


Dn. Jons AwrHoNY Mannicx (Boston): I was very personally 
gratified by this series of transplants, as one who attempted to 
do this experiment 12 years ago. One of the things that intrigued 
us at that time was whether a bone marrow chimera would truly 
be tolerant of a whole organ graft. 

We had a biopsy result at 72 days after a kidney transplant 
in such a chimera and found that there was. no histologic evidence 
of rejection. I wonder if you have biopsied any of these kidneys? 
Is the architecture completely normal, or is there histologic evi- 
dence of some kind of rejection process? 


Dr. F. T. RAPAPonT (Closing): We are very much interested 
in the fate of skin grafts obtained from not only DL-A identical 
donors that are unrelated to the chimera, but also from donors 
that are siblings of the donor of marrow; this is something that 
we are actually studying at the present time. Preliminary results 
suggest that, in some instances, recipients of non-littermate marrow 
may also be partially tolerant of skin grafts obtained from the 
DL-A identical sibling of the donor of marrow. However, this 
still requires extensive confirmation. 
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As far as the hierarchy of DL-A antigens is concerned, we really 
have no explanation for the one marrow donor skin graft that was 
lost at 84 days, except for the possibility that, as Lance has shown, 
for example, there may occur in the skin of some animals certain 
differentiation allo-antigens which are not present in high concen- 
trations in bone marrow cells. We are trying to look into that 
problem and we will be following these skin grafts for as long as 
possible. 

As for Dr. Hume's questions, I believe that we did point out 
that both skin and kde) allografts are rejected under similar 
conditions of DL-A compatibility in untreated dogs of the same 
colony. With regard to possible reasons for the 100% success rate in 
our marrow transplants, when there is such a high incidence of 
GVH disease in HL-A identical humans—I think there may be a 
number of possibilities here. The first is the fact that the HL-A 
antigens are really “specificities” that are detected with sera that 
may contain mixtures of antibodies. As vou know, even the WHO- 
recognized "operationally monospecific antigens", such as HL-A 
9 or HL-A 10, are currently undergoing massive splittings. We 
may be dealing with a much simpler situation in the dog, where 
there is probably a lower number of strong DL-A antigens, as 
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compared to the HL-A situation. Secondly, the human population, 
even if operationally and/or phenotypically HL-A identical is 
still a highly outbred group, as contrasted with our canine popu- 
lation, in which, by using DL-A as a genetic marker, we may 
have succeeded in producing selectively bred lines of dogs which 
also share non-DL-A antigens which are not amenable to detection 
today, although they are probably implicated in triggering GVH 
disease. Indeed, in man, there must be a much wider spectrum of 
the analogous non-HL-A antigens that probably stimulate GVH 
responses. 

If we can learn how to prevent GVH in specifically controlled 
donor-recipient combinations, which may differ first by minor 
DL-A antigens and then by major DL-A antigens, and i we can 
then go from the inbred donor to a mongrel recipient, we may 
eventually develop a model which might be applicable to man. 

As for Dr. Mannick's question, we have not yet biopsied any 
of these kidneys; we have just been too terribly happy that they 
are doing as well as they are. However, we check renal functions 
at regular intervals, and they have as intact renal function as the 
normal dog. Biopsies will be done after two years. 


Tolerance, Enhancement and Prolonged Survival of 


Organ Transplants 


NICHOLAS A. HALASZ, M.D., F.A.C.S.,* STEPHEN H. MILLER, M.D., 


REATMENT OF ADULT ANIMALS with donor antigen, be- 
T tore allotransplantation, can accelerate, delay or pre- 
vent normal immune responses. Low dose tolerance,’ 
induced immunologic tolerance," and immunologic en- 
hancement? are some of the mechanisms involved. The 
first two phenomena involve inhibition of antibody forma- 
tion,*4 whereas enhancement is dependent on the forma- 
tion of antibody, probably quite specifically on 7S y; 
globulin,*!5 and its central and/or peripheral effects. 
Because of the great need for specific (ie. donor- 
oriented) immunologic manipulations in the human 
allograft setting, many of these technics have been 
applied to and evaluated in animal models and some 
pilot work in man, and have yielded promising results. 
However, the use of a wide variety of antigen prepara- 
tions, range of dosages and test systems has elicited a 
confusing situation at best, in which mechanisms are dif- 
ficult to define or compare. For this reason, this study 
was designed to provide some clarification. It seemed 
that a wide range of antigen dosages using the same 
antigen preparation required study, as well as the de- 
velopment of antidonor antibody. The concurrent ad- 
ministration of immunosuppressant drugs with antigen 
pretreatment promised to provide additional discrimina- 
tion, and a test system more sensitive than skin allograft 
survival was employed. It seemed that an outbred 
species should be used to match the clinical situation 
most closely. 
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Methods 


Mongrel dogs weighing 18 to 24 Kg. were used in 
these studies. They were immunized against hepatitis 
and distemper, de-wormed, and quarantined for 14 days 
before use. All operations were performed through mid- 
line laparatomies, using general anesthesia (pentobar- 
bital) and aseptic technic. The animals were housed in 
individual cages. At transplantation the kidney was 
placed in the iliac fossa, anastomosing the renal artery 
end-to-end to the external iliac artery, the renal vein 
end-to-side to the external iliac vein, and the ureter to 
the bladder through a submucosal tunnel. Bilateral 
nephrectomy was performed on all recipients at the time 
of transplantation. Indwelling jugular silicone rubber 
catheters were used in most animals for access to the 
circulation. Serum creatinine levels were determined 
three times a week. Prednisone 1 mg./Kg. was given daily 
beginning on the first postoperative day to improve dis- 
crimination among experimental groups.5 All animals 
were provided water, dried dog chow and a canned meat 
preparation ad libitum. No intravenous fluid supplements 
were given after the first postoperative day. The animals 
were given 600,000 units of procaine penicillin and 0.5 
Gm. streptomycin intramuscularly on the day of operation 
and on the first postoperative day. 

The future donors spleen was used as the antigen 
source. The spleen was perfused with normal saline 
through the splenic artery and then injected with 0.3 
mg. epinephrine in saline to eliminate the bulk of red 
blood cells. The splenic pulp was then stripped out using 
a spatula and put through graduated screens. Two brief 
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hypotonic saline re-suspensions (0.2 N) eliminated the 
remaining red blood cells. Three to 9 x 101° cells were 
obtained from each spleen, with 75-90% viability by dye 
exclusion. All manipulations were carried out at 4°C. 
The cells were sonicated in a Rose chamber in distilled 
water, the ionic strength then raised to 0.15 by the ad- 
dition of 2M NaCl, and sonication continued for one 
more minute. The suspension was then centrifuged at 
45,000 G for 10 minutes. This supernatant was clear of 
cytoplasmic elements, and contained occasional mem- 
brane fragments (by electron microscopy of ultracentri- 
fugal sediment). The sediment was discarded, the super- 
natant was titrated to pH 7.6 and stored at —60°C. In 
order to increase the number of spleen cells available in 
this non-inbred setting, spleens were cultured as follows. 
After removal, cooling and weighing, the spleens were 
cut transversely into 3.0 mm. slices. These were placed on 
stainless steel screens and incubated on the surface of 
Eagle's medium (10 cc. media/Gm. of tissue) containing 


` glutamine, penicillin, streptomycin and 15% fetal calf 


serum. One-half cc. of phytohemagglutinin P was added 
to each 100 cc. of media. The culture dishes were pres- 
surized in a cast aluminum chamber to 45 PSIG with 982 
oxygen and 2% carbon dioxide at 34 to 36°C. The cell 
yield was harvested every 48 hours; the slices were turned 
and the media changed at each harvesting. Cultures were 
carried for 10 to 12 days and yielded 0.7 to 1.8 x 10” 
cells. [Modified after Halasz et al.5] 

Antigen doses were calculated in terms of equivalence 
to spleen cells. Three dose ranges were employed, each 
corresponding to a 100-fold increment over the previous 
one. Thus the low dose range (LDR) corresponded to 
a total dose of 5 x 107 cells, the mid dose range (MDR) 
to 5 X 10? cells, and the high dose range (HDR) to 5 
X 1011 cells. The extract in the appropriate dose was 
divided into four parts after preparation, stored at —60?C, 
and administered intravenously in four injections over 
10 days. Transplants were performed 19 to 25 days after 
completion of the series of antigen injections. When 6- 
mercaptopurine (6-MP) or antilymphocyte globulin 
(ALG) was administered, it was started 2 days prior to 
the antigen injections and terminated 2 days after the 
last of the injections. 

6-MP was administered in the dose of 4 mg./Kg. by 
intramuscular injection after dissolving the drug in 0.IN 
NaOH. ALG was prepared in horses by the injection of 
pooled canine spleen cells with adjuvant, followed by 
one or more intravenous booster doses, Early sera (6 to 
8 weeks after initiation of immunization) were absorbed 
with canine red cells, and extracted with a DEAE-Sepha- 
dex batch method. Only those batches were used which 
doubled canine skin allograft survival in 15 mg./kg. doses 
given for the first 10 posttransplant days. ALG was ad- 
ministered to the experimental animals in 15 mg./Kg. 
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doses intramuscularly. Serum was obtained for antibody 
assays prior to transplantation and 5 and 10 days post- 
transplantation. Immediate post-transplantation samples 
were obtained early in the study; however, because they 
were consistently negative, whether antibody had or 
had not been demonstrated before transplantation, this 
examination was discontinued. 

Antibody assays in the pretreated animals were per- 
formed using two technics. A two-stage microcytotoxicity 
test was performed according to the method of Amos.! 
Donor lymphocytes were mixed with sera from the 
specifically sensitized recipient and preincubated. The 
serum and diluent were then removed, and guinea pig 
complement added. A 3-hour incubation was used before 
reading. The highest’ dilution killing 50% or more of 
target cells was taken as the cytotoxic titer. Absorption 
of the positive sera was performed by incubation with 
the sensitizing antigen prior to the cytotoxic assay (10° 
cell equivalents antigen/0.1 ml. serum). Double im- 
munodiffusion, using the sensitizing antigen and serum 
from the sensitized animal, was performed in gelatin 
microplates to assay the presence of precipitating anti- 
body. 


Results 


Survival: (Table 1). Six control groups were studied. 
One received no pretreatment and only the standard 1 
mg./Kg. prednisone daily after transplantation, beginning 
on the first postoperative day. Survival in this group of 
seven animals was 12.9 + 2.8 days. 6-MP and ALG pre- 
treatment alone was employed in two other groups, con- 
sisting of five and six animals each. These drugs were 
administered for 14 days, beginning 31 to 36 days prior to 
transplantation. Survival in the 6-MP group was 14.4 + 2.2 
days, in the ALG group 13.0 + 2.0 days. Three additional 
control groups received unpooled antigen from dogs other 
than the kidney donor prior to transplantation. Five 
animals receiving antigen in the low dose range survived 
13.4 + 13 days. Five animals receiving antigen in the 
mid dose range survived 12.4 + 1.3 days. Six animals 
receiving high dose nondonor antigen survived 13.5 ‘+ 1.9 
days. Serum creatinine levels started to rise in all these 
dogs between days 5 and 9 after transplantation. 

In six animals injected with donor antigen in the low 
dose range the initial rise of serum creatinine occurred 
between days 12 and 31. They survived 27.5 + 6.5 days 
(17-36). This prolongation was significantly different 
from the survival of both unpretreated (p < 0.001) and 
nondonor antigen pretreated (p < 0.001) animals. Pre- 
treatment with antigen and 6-MP led to comparable 
survivals in six animals, 30.0 + 15.8 days (14-57). Serum 
creatinine levels began to rise in these animals between 
days 11 and 41. When antigen and ALG were used as 
pretreatment, survival dropped to 20.0 + 6,5 days (11- 


540 





HALASZ, MILLER-AND ROMOLO 


Ann. Surg. * October 1972 

















TABLE 1. Survival Days of Antigen Pretreated Recipients 
Antigen Dose None Low Mid High 
Pretreatment 
None . 12.9 + 2.8 (7)* 
Antigen Only 27.5 + 6.5 (6) 4.6 + 1.8 (7) 14.6 + 5.8 (6) 
6-MP only 14.4 + 2.2 (5) ) 
Antigen -- 6-MP 30.0 + 15.8 (6) 7.4 + 1.7 (8) 21.1 + 6.1(6) 
ALG Only 13.0 4- 2.0 (6) ; ] i 
Antigen + ALG 20.0 Æ 6.5 (7) 8.2 + 1.8 (6) 25.2 + 5.6 (7) 
Non-donor Antigen 13.4 + 1.3 (5) 


12.4 + 1.3 (5) 





* Number in parenthesis — Number animals in group 


29) in seven transplant recipients, still significantly pro- 
longed as compared to controls (p < 0.02), but the dif- 
ference between the donor-antigen-only group and this 
one is also significant (p « 0.05). Serum creatinine levels 
became abnormal between days 8 and 22 in these dogs. 
Animals pretreated with antigen in the mid-dose range 
showed accelerated rejection with early anuria (2-5 
days) and rise in serum creatinine level (1-3 days), 
whether treated by antigen alone (survival 4.6 + 1.8 
days in seven animals), or antigen and 6-MP pretreatment 
(7.4 + 17 days in eight animals). These figures differ 
. significantly from the control survival of 12.9 days (p < 
0.001 for all three). The acceleration of rejection pro- 
duced by antigen alone was significantly attenuated when 
ALG was added to the pretreatment (p « 0.01), survival 
being 8.2 + 1.8 days in six recipients. 

In the animals receiving high antigen dose pretreat- 
ment by itself, survival was 14.6 + 4.8 days in six animals. 
This figure did not differ significantly from the survival 
of unpretreated or of nondonor antigen pretreated ani- 
mals. The combination of high dose pretreatment and 
6-MP led to a prolongation in six dogs to a survival of 21.1 
+: 6.1 days (12-28), with the elevation of serum creati- 

‘nine beginning between days 6 and 21. This survival dif- 


fered significantly from pretreatment with high dose. 


antigen alone (p « 0.05) and from the control (non- 
donor antigen) group as well (p « 0.02). The use of anti- 
gen combined with ALG as pretreatment also led to 
significant prolongation of survival, to 25.2 + 5,6 days 
(15-32) in seven animals, over the group treated with 
antigen alone (p « 0.01). Serum creatinine rose to ab- 
normal levels between days 9 and 25 in this group. The 


13.5 x 1.9 (6) 


difference batween the effects of 6-MP and ALG was 
not statistically significant. . 

Antibody Studies: In the unpretreated controls and the 
animals pretreated with only 6-MP or ALG, or the non- 
donor antigen, no antibody against the donor could be 
demonstrated until sampling on the tenth posttransplant 
day. At that time low titers (1 to 1 or 1 to 2) were demon- 
strated in about one-third of the animals. 

In the experimental groups, antibodies could be demon- 
strated after low and mid dose range antigen pretreat- 
ment (Tables 2 and 3). No antibody could be shown 
before 10 days in any of the animals pretreated with 
high dose antigen. Animals pretreated with LDR antigen 
alone uniformly developed low cytotoxic titers, and five 
of six also developed precipitin titers. The majority of 
dogs receiving LDR antigen with 6-MP developed anti- 


- body as well. After transplantation, the titers dropped in 


all the animals which had had demonstrable antibody. 
By 10 days precipitins rose and were higher in the antigen 
alone and antigen with 6-MP groups than prior to trans- 
plantation. Absorption of sera with the sensitizing anti- 
gen showed complete elimination of the cytotoxic activity 
present before and 5 days after transplantation in LDR 
sera. At 10 days complete absorption was not possible, 
even using 100 times more antigen that was effective > pre- 
viously (Table 4). Only one of the animals receiving 
antigen and ALG had demonstrable antibody. 

In the MDR group, cytotoxic titers to 1/2048 were 
demonstrable, highest in the group pretreated with anti- 
gen alone, somewhat lower in the antigen plus 6-MP 
and the antigan plus ALG groups. Precipitin titers showed . 
a similar pattern. Five days after transplantation, surviv- 








TABLE 2. Cytotoxic (Ct) and Precipitin (Ppt) Titers after Low Dose Antigen Pretreatment 
Day ‘ —1 +5 4-10. 

Antigen Only Ct 2, 2, 2, 4, 4, 8 0, 0, 1, 1, 2, 2 6, 0, 1, 2, 4, 8 
Antigen + 6-MP Ct 0,1,2,2,4 ` 0, 0, 1, 2,4 0, 1, 2, 4, 4 
Antigen + ALG. Ct 0, 0, 0, 0, 0, 0, 0 0, 0, 0. 0, 0, 0, 0 0, 0, 0, 0, 0, 0, 1 
Antigen Only Ppt 0, 1, 2, 2, 2,4 0,0,0 0, 1,2 2, 4, 4, 8, 8, 16 
Antigen + 6-MP Ppt 0, 0, 1, 2, 2 0,0,0,1,2 > 4, 4, 4,-16, 16 
Antigen + ALG Ppt 0, 0, 0; 0, 0, 0, 1 0, 0, 0 0, 0, 0,0 0, 0, 0, 0, 0, 0, 0 
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TABLE 3. Cytotoxic (Ct) and. Precipitin (Ppt) Titers after Mid Dose Antigen Pretreatment 
. Day =i +5 +10 
Antigen Only Ct 128, 128, 256, 512, 512, 2048 - 32, 64, 64 = 
Antigen + 6-MP Ct 64, 64, 64, 128, 128, 256, 256, 512 16, 16, 16, 16, 32, 32, 32 — 
- Antigen + ALG Ct 16, 32, 32, 64, 64, 64 4, 4, 4, 16, 16 2 
Antigen Only Ppt 2, 4, 4, 8, 8, 8 0, 0, 1 — 
Antigen + 6-MP Ppt . 1,1,2,2,2, 2, 4. 8 0,0,0,0,1,1,1 — 
Antigen + ALG Ppt’ 1, 1, 2, 2, 2, 4 0, 0, 0, 0, 1 1 





ing animals had lower but still significant cytotoxic titers. 
Precipitins were not demoristrable in the majority and 
were low in the few animals which had them. One sur- 
vivor, at 10 days, showed both cytotoxic and precipitin 
antibodies iri low titers. Absorption of cytotoxic activity 
again was complete at =l and +5 days. l 
Histological Studies: Dogs rejecting kidneys in the low 


and high dose antigen pretreatment groups showed his-' 


tologic changes not distinguishable from the contro! un- 


‘modified first set allograft reaction, namely perivascular 


lymphocytic infiltration, edema, hemorrhage and spotty 


: areas of necrosis. In the MDR group of dogs, diffuse 


thrombosis and necrosis was present with modest or ab- 
sent cellular infiltration in the kidney. 


Discussion 


These studies demonstrate that using identical anti- 
genic preparations across a spectrum of three treatment 
dosages, graft prolongation can be achieved at the low 
dose level by antigen alone, and that this prolongation is 
associated with cytotoxic and precipitating antibody pro- 
duction. Therefore, immunologic enhancement is the 
likely mechanism responsible. The prolongation is inter- 
fered with when a potent immunosuppressant, ALG, is 
added to the pretreatment. Cytotoxic antibody titers 
(which may or niay not reflect enhancing antibody levels ) 
were abolished in the animals showing this diminished 
prolongation. Precipitin titers against the antigenic ex- 
tract were fourid to follow a similar but less clear-cut 
trend. Absorption studies suggest that the cytotoxicity 
produced by the enhancing antigen is bolstered 10 days 
after transplantation by antibody against other antigens 
on the cell surface. This may reflect on the quality of 
the antigen used in these studies. 

The timing of the antibody studies (and of allograft- 
ing) is critical, and if 7S y» globulin is responsible for 
enhancement a later time might be preferable. Our re- 
sults contrast with those of Lucas !? who could demon- 
strate enhancement only in the first week after antigen 
administration, although the types of antigen used in 


- the two studies were different. Additional specific anti- 


donor antibody studies need to be done, and a pure 
soluble antigen preparation has been used in recent 


studies to permit this. The problem of antigen quantita- 
“tion, however, still persists. The various definitions, in 


6 


terms of “milligram of protein,” “antigen N,” “cell equiva. 
lents,” etc., are all gross and not truly comparable fron 
study to study, unless sensitizing potency or, preferably 
purity and specificity can be established. In addition 
treatment schedules, routes of administration, storage 
and various post-treatments all contribute to the hetero 
geneity of results. 

In the mid-dose range, accelerated rejection was con. 
sistently encountered. The significant attentuation - ob 
served in the antigen plus ALG pretreated group is o: 
interest. Lower cytotoxic antibody titers accompaniec 
this less accelerated rejection, suggesting that the finding: 
in the high dose group may have been partly anticipatec 
in this part of the study. 

Finally, in the high dose antigen group, sensitizatiot 
was eliminated and significant prolongation resulted fron 
the addition of immunosuppressants to the pretreatment 
In the absence of demonstrable antibody, this phenome 
non represents partial tolerance. Antigenic competition i: 
ruled out by the lack of prolongation by nondonor anti 
gen. In contrast to other studies,!? no effects of nondono: 
antigen were demonstrated in any of the pretreatmen 
groups. This probably is the result of the use of single 
donor (non-pooled) antigen. 

The effects of low dose range antigen pretreatment i1 
these studies are markedly shorter than those reported ir 
smaller mammals even across strong histocompatibilit 
barriers.*!5 The auto-enhancement postulated does no 
seem to occur despite the continued presence of antibody 
and marked prolongation of the graft does not take place 
Post-transplant prednisone treatment may interfere witl 
this process, but even in its absence marked prolongatior 
has not been observed in some previous studies." There 
fore, antigen dose or form and the pretreatment schedule: 
must be looked to as probably being responsible for thi: 
discrepancy. A basic biologic difference between dog, 
and other mammals certainly is possible but less likely 


TABLE 4, Resulis of Absorption of Ten-Day Low Dose Antigen-Sen 
with the Sensitizing Antigen 





Recipient Group Antigen Only Antigen + 6-MP 





Cytotoxic Titers! 
Before Absorption 
After Absorption 
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Summary | 


Dogs receiving kidney allografts were pretreated with 
donor antigen obtained from 5 x 107, 10° or 10" cells, 
and with antigen with 6-MP or ALG. Significant im- 
munologic enhancement occurred in the group pretreated 
with the low dose of antigen, and was accompanied by 
the development of cytotoxic and precipitating antibody. 
Antibody persisted after transplantation (changed in 
specificity from early antibody) but graft prolongation 
was limited. Mid-dose range antigen pretreatment uni- 
formly présensitized recipients and produced high anti- 
body titers. Cultured donor cells yielded the antigen for 
high dose pretreatment. This resulted in partial tolerance 
when combined with 6-MP or ALG, manifested by graft 
prolongation in the consistent absence of antibody. 
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DISCUSSION 


Dr. Ricard E. WirsoN (Boston): Dr. Halasz’s early work 
with the use of red cells in dogs has stimulated all the subsequent 
efforts producing active enhancement in such an outbred system. 

I would like to point out that he has shown once again how 
difficult it is to make any headway in unmatched, untyped 
animals, as compared with those that Dr. Rappaport has so beauti- 
fully demonstrated to us. . 

Y would like to specifically direct some questions toward Dr. 
Rapaport. First, how many animals in each of the groups that 
had protection, or prolonged survival, showed it? In other words, 
was this a consistent finding within each groups? One thing that we 
have observed in the dog, which, in fact, we cannot find in 
inbred rats, is that in our dog groups that had the best protec- 
tion, every animal in the affect group was prolonged. In our 
inbred rat system we still have trouble getting a reproducible 
effect in every animal with active enhancement. 

Second, I wondered if you could give us in. milligrams of nitro- 
gen per kilogram, or some sort of relationship from cell equivalents 
to milligram dosage of antigen, so that there might be some com- 
parison with other studies that have been performed. 

My third question is: Have you attempted splenectomy in any 
of these dogs at the time of transplant? It is very interesting that 
in the rat system, we and other groups have demonstrated the loss 
of active enhancement if splenectomy is performed after the 
antigen is administered. 

Finally, just one word of comment concerning antibody measure- 


ment in these dogs. We found that we could never detect anti- 
body titers as early as 3 weeks with the low dose antigen pre- 
treatment. It was not until the fourth week that we consistently 
could measure antibody. One must be concerned about stating 
whether or not antibodies are indeed present in animals which 
are only given 3 weeks of pretreatment. 


Dr, Jonn Sarkis NAjARIAN (Minneapolis): I would like to echo 
Dick Wilson’s remarks, that the elusive nature of the establish- 
ment of enhancement in the tissue transplant situation is demon- 
strated again by Nick Halasz's studies, a matter that has been 
bothersome ta all of us. 

Enhancement is à fine balance between antigen and antibody 
response, anc one just does not know where this balance lies. 
It differs from animal to animal, from species to species, antigen 
to antigen; and this is why it has been such a difficult model to 
study. . 

I would like to ásk a couple of questions of Dr. Halasz. First, 
coming from La Jolla, I want to know why you did not use 
soluble zntigen. In this way you could study tolerance, unrespon- 
siveness or enháncement—call it what you will—it would certainly 
be better to use a soluble antigen, for the former. A soluble antigen 
would get directly into the cell; whereas the type of antigen you 
are talking bout, which is paiticulate, is going to be picked 
up by the macrophages, and certainly will stimulate a much 
stronger immunogenic response in the recipient. 

The second question is: Did you do any in vitro studies with 
these animals, other than the cytotoxicity studies? You were 
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growing the donor cells in vitro, and this gave you an ideal op- 
portunity to study the recipient cells’ action against these donor 
cells. In other words, those that were enhanced, was the reaction— 
the cellular reaction—still there, as it is in transplantation clini- 
- cally? 

If so, then I wonder if you proceed one mare step, and tried 
to see if.those dogs in which the prolonged survival was present 
and had antibody at low dose levels— was this antibody of 
blocking characteristics? 


Dn. NicHoLAs A. Harasz (Closing): As far as the consistency 
of prolongation is concerned, Dr. Wilson, it is almost consistent. 
The range of survival runs 12 to 36, 17 to 44, and so forth, days, 
which are in the manuscript. However, there will be one or two 
animals occasionally which fall into the standard length, so I 
cannot confirm your finding that every animal is prolonged. 

. The matter of antigen dose is one which hes bothered me in 

this field for a long time, because I think people talk about antigen 
nitrogen, about antigen dose, about milligrams biuret, and so 
: forth, and I do not think that the milligrams of protein or nitrogen 
within an antigenic preparation mean anything. 

We have looked at this in the reverse direction and have seem 


we— how much of our antigen was needed to absorb out cytotoxicity, 
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compared to whole cells; and the equivalent was reached by this 
absorption technic. It was roughly 20% of whole cells. 

Therefore, when Y talk about 107 cells, it is actually five times 
107 cell equivalents of antigen, which corresponds to one time 107 
equivalents of the prepared antigen. 

Splenectomy was not done. 

As far as the antibody measurements are concerned, we started 
out doing one-stage cytotoxicity, and could get no kill. Only after 
we went to a two-stage technic did it become positive. We have 
done some other tests for non-complement fixing antibody which 
are not really good enough to report, and I do not want to draw 
any conclusions from them. 

In regard to Dr. Najarian's question, I would go to the other 
way. In other words, use as complex a Gemisch—a mixture, a Brei 
—-of antigens as can possibly be obtained from the donor, produce 
antibodies against this entire spectrum, then absorb out the specific 
antibody. Elute that and use that for enchancement. 

I think the purer we get our antigen, the more soluble it will 
be and the more antibody we are going to lose. 

We were not able to do in vitro studies because the survival of 
our cells is only about 10 or 12 days in culture. So even though 
we wanted to do MLC’s, and wanted to look at cell mediated 
immunity, we were not able to do so. 


Immunotherapy Combined with Primary Resection of 


Murine Fibrosarcoma: 


Correlation of Immunological Status of the Host with Prevention of Metastases 


ELIZABETH A. GODRICK, Ph.D.,* J.S. MICHAELSON, B.A.,** 


UMORS induced by methycholanthrene have been 

d aun to be capable of provoking cellular immunity 
-in the host ??, Numerous laboratories have demonstrated 
that immunogenicity can be augmented in mice in which 
primary tumor has been amputated if immunogenic 
agents are not inoculated before 2-10 days after ampu- 
tation.591.19 Tis laboratory has initiated research to 
study the effect of immune therapy given simultaneously 
with amputation.”° At the time of primary surgical ex- 
cision of a cancer, some tumor cells invariably are left 
behind; these experiments are analogous to the clinical 
situation in which effects of graded doses of "residual" 
tumor cells on the immune responses of the host are 
being investigated. Alexander et al! have observed that 
immune-responding cells were active in the proximal 
lymph nodes of a limb within hours following removal 
of the tumor. Hellström and colleagues ? attempted to 
determine the immune status of the host before the 
tumor was palpable, when it was detectable and after 
removal. They demonstrated the presence of a blocking 
factor in mouse sera with actively growing methylchol- 
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anthrene-induced tumors and a diminution of this factor 
subsequent to removal or regression, Lymphocyte cyto- 
toxicity was observable in all stages of tumor growth or 
regression. 

It was the purpose of the present research to administer 
varying doses of live and treated cells at the time of am- 
putation of the tumor-bearing limb and to determine the 
tumor cell (TC) dosage necessary to stimulate lymph 
node cell ( LNC) and spleen cell (SC) immunogenicity 
and prevent blocking serum factors to afford host pro- 
tection from lung metastases. The response to the pri- 
mary tumor and to a live and/or treated TC challenge 
dose was monitored in vitro utilizing a modified micro- 
assay,!? in a protocol similar to that outlined by the Hell. 


.stróms.^939 Sera, LNC and SC obtained from mice re- 


ceiving doses of live or modified (TC) that either 
prevented or stimulated metastases, were examined for 
the presence of cytotoxicity or blocking activity 1 week 
before amputation, at the time of amputation and 24-28 
hours as well as 25-35 days after amputation. 


Materials and Methods 


Hosts and Tumors 


Syngeneic C57/BL6 male mice, age 8-10 weeks (Jack- 
son Laboratory, Bar Habor, Maine), were used in these 
experiments. Mice were individually caged and fed a 
standard pellet diet and water ad libitum. Fibrosarcomas 
were induced with subcutaneous inoculation of 1.0 mg. 
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of methylcholanthrene in 0.3 ml. of trioctanoin. Sarcoma 
#18, used in this study, was passaged intramuscularly 
and used between generations 3 and. 10. The antigenicity 
and specificity of this tumor line was predetermined with 
l x 106 irradiated cells (XC) injected subcutaneously 
in the left rear limb, followed 19 days later with a chal- 
lenge dose of 1 x 10* live cells (LC) inoculated intra- 
muscularly (IM) into the opposite limb. One control 
group (Fig. 1B) received only LC doses, a second (Fig. 
1C) received XC of a different tumor line (#16) fol- 
lowered by #18 LC and the third (Fig. 1D) received 


tumor #18 XC followed by #16 LC. When tumor #18 


was tested, 18/22 mice (82%) were surviving at 100 days 
after XC pretreatment, while only 7/22 (32%), 5/12 (41%) 
or 0/12 (0%) mice from the three respective control 
groups were protected from tumor growth (Figs. 1B, 
1C, 1D). Subsequent pretreatment studies on tumor 
#18 indicated it retained its antigenicity and specificity 
at least through generation 14. 


Treatment of Tumor Inocula 
Cells were irradiated with 15,000 rads according to the 

method of Vanwijck et al.?° 

‘Neuraminidase-digested cells ( N-mase C) were treated 
as described by Cormack? Five x 10° TC were shaken 
for 1 hour at 37? C with 50 units of vibrio cholera neura- 
minidase ( Batch 1070D, Behring Diagnostics, Woodbury, 
N.Y.) per ml. of medium 1066 (Gibco, N.Y.). 


Amputation and Challenge Technic 

Disarticulation of the right limb, as previously de- 
scribed ?? was performed when tumors reached 1.5-2 cm. 
in size. Recurrence of the primary tumor occurred in 13% 
of the animals and these were not included in the data. 

Only cell inocula having greater than 95$ viability as 
determined by trypan blue dye exclusion were used in the 
experiments. Four methods were used to administer TC 
to mice whose primary tumor had been removed: (a) 
LC, IM in the opposition hind leg, (b) XC, IM in the 
opposite hand leg, (c) LC, IM in the opposite hand leg 
and subcutaneous inoculations of XC in multiple sites on 
the trunk of the mouse, and (d) N-mase C, IM in the 
opposite hind leg. The control groups of mice consisted 
of (e) mice which received only tumor inocula and 
neither amputation nor any treatment, (f) mice receiving 
initial tumor inocula followed by amputation with no 
subsequent challenge dose, (g) as (f) with a challenge 
dose of a different tumor strain, and (h) as (f) with 
graded doses of allogeneic liver cells. At sacrifice, met- 
astatic foci were identified in the lungs by india ink 
infusion of the trachea? 


In Vitro Studies 


In order to gain insight into the immunological cellu- 
lar activities of the metastasizing and non-metastasizing 


PRIMARY RESECTION OF FIBROSARCOMA 


54E 


100 
80 
pe) 
I o 
> 
5 
> 40 
s 
20 








105 XC #18 l 105 XC #16 10$ XC #1 
104LC ei8. 10fLC #18 10* LC #18 10 LC #K 


A B C D 


Fic. 1. Identification of the specific antigenicity of the MCA in 
duced fibrosarcoma in mice. Mice that survive 100 days are fre 
of primary tumor or metastases. The survival rate is shown on th 
ordinate. 


mice, microassay studies *!5 were performed in paralle 
with the immunization/amputation schedules. Axillary 
brachial, cervical, inguinal and mesenteric LNC, SC anc 
sera were obtained from experimental groups at (a) : 
week prior to amputation, when tumors were not palpa 
ble, (b) at amputation when tumors were 1.5-2 cm. i1 
diameter, (c) at 24—48 hours after amputation and (d 
25-35 days after amputation. Cells were pooled from : 
minimum of two mice for each experimental group 
Lymph nodes and spleen were exercised and LNC am 
SC suspensions were obtained by pressing the tissue 
through 60 gauge stainless steel mesh in Eagles basa 
medium with 100 IU penicillin and 100 ug. streptomycin, 
ml, 1% L-glutamine, 1% anti-PPLO, and 20-30% heat in 
activated fetal calf serum. Cells were washed 3x b 
centrifugation. The spleen suspension was osmoticalh 
shocked 18 to remove erythrocytes and the remaining cell 
were resuspended in the original medium, then washec 
and plated for microassay. 


l. Target Cells 


Tissue culture lines of fibrosarcomas #17, #18 am 
#19 were maintained in the laboratory and used as targe 
cells. Twelve to 24 hours before the test, target cells wer 
harvested by trysinization (0.025% tryspin), washed 3x 
and diluted to deliver 200-500 cells in 0.01 ml. and the 
then plated into each well of the microtest plate ( Falco: 
Plastics, Los Angeles, Calif.) overnight. 


2. Sera and Complement 

Blood was obtained by carotid bleeding, pooled an 
allowed to clot at room temperature. Following centrif 
ugation at 2,500 rpm/20 min. serum was collected 
heated at 56°C for 30 min. to inactivate complement anc 
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sterilized by passage across a 0,22 micron Millipore 
filter. Control sera were similarly prepared from un- 
treated mice. Fresh guinea pig complement was adsorbed 
with mouse spleen cells to remove naturally occurring 
anti-mouse antibodies and was utilized in a 1:6 dilution. 

Sera from mice inoculated with 1 x 105 XC subcutane- 
ously on tlie left hind limb and challenged 19 days later 
with 1 x 10* syngeneic LC, IM, on the opposite hind 
limb were collected six days after challenge and used 
as a standard for subsequent assays of cytotoxic titers. 
Dilutions of 1:6 were used for all subsequent tests to 
determine cytotoxic or blocking antibodies. 


3. Microassay Test 


Prior to the test,!® target cells were washed twice by 
inverting and shaking the microtiter plate. The optimal 
ratio of effector cells to target cells was assayed before 
beginning this study. Thus, a given titration. of effector 
LNC and SC was added to each well and the plates were 
incubated at 37°C in a 5% COs atmosphere for 2 days. 
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Fic. 2. The incidence of metastases after amputation of the tumor- 
bearing limb and simultaneous challenge of the mouse with a 
variety of live or irradiated tumor cell inocula. On the left 
ordinate are indicated the total per cent of metastases. On the 
right ordinate the days after primary tumor inoculation are shown 
when.the animal was sacrificed or died. o— animal free of lung 
metastases, e—animal with lung metastases. 
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Preliminary studies showed that extending the 48-hour 
incubation time to 72 hours reduced the differences in 
target cell destruction between sensitized and normal 
LNG; thus, the 48-hour time period was used for all 
studies. In the tests to assay cytotoxic or blocking humoral 
antibodies, serum was added to the plates and these were 
rocked at 37°C, 5% CO. for 45 miri and effector cells 
then added.*7 The plates were then incubated as above. 

Each test was performed with 6-12 replicate wells. 
Following Geimsa staining and distilled water rinse, the 
test was scored by double-blind counting of tlie target 
cells remaining in the well. Per cent reduction of target 
cells was calculated by the formula: 


(# cells in target cell control) 
— (# cells in test) 





X 100 = % reduction 
(# cells in target cell control) 


Results 
Amputation/Challenge 


Figure 2 summarizes the effects of amputation of the 
tumor-bearing limb and the simultaneous inoculation of 
graded doses of live and/or irradiated cells on the ap- 
pearance of subsequent metastases. Two groups (F, K) 
of mice were free of metastases. Group F mice, in ad- 
dition to amputation, received 3 x 10* LC in the op- 
posite hind leg at amputation whereas group K was 
amputated and received 1 x 10* XC. For any specific 
tumor/host system there appears to exist a critical chal- 
lenge dose of LC which offers host protection (Croup 
F). Reducing the dose (Groups B, C; D, E,) or increas- 
ing it (Groups G, H) did not prevent metastases in all 
mice iri each of these other groups. 

The same dose levels were used for XC as with LC, 
as a check to determine whether metastases resulted from 
the primary tumor or the LC challenge inoculum. Since 
XC groups which were not protected ( Groups I, J, L, M) 
as well as unprotected LC groups (Groups B, C, D, E, 
G, H) did show metastatic lesions at the same time as 
the amputation only group (Group A), one may assume 
that the primary tumor was the source of the seeded TC. 

Amputation with XC challenge doses of 1 x 105; 5 
x 103; 3 x 104 or 5 x 104 did not offer total protec- 


` tion from metastases (Groups I, J. L, M). When TC 


which were irradiated were in gen. 2-10, a 1 x 10* 
XC challenge dose (Group K) was protective for that 
group. When the generation age was extended beyond 
15, 1 x 10* XC were not protective (Fig. 3A). 

Mice receiving 1 x 10* LC + 6 x 105 XC in multiple 
sites (MS) (Group N) had a very highly significant in- 
cidence of metastases (p « 0.001). Increasing the LC 
dose to parallel the protected group (mice received 
amputation and 3 x 10* LC 4- 6 x 105 XC-MS) (Group 
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Fic. 3A. The incidence of 
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tion are shown when the 

animal was sacrificed or 

died. O—animal free of lung metastases. e—animal with lung 
metastases, 


O) decreased the number of mice with metastases but 
their lack of protection was still significant (p < 0.05). 

When the protective 3 x 104 dose of LC was treated 
with N-mase (Group R) (Fig. 4), the enzyme did not 
remove this inoculum’s protective effect. Decreasing or 
increasing the number of N-mase C (Groups Q + $) 
removed this protection, a phenomenon which paral- 
leled that seen with L.C. . 

Liver cells from the CH mouse strain (Fig. 5) were 
inoculated to test the thesis that protection observed in 
3 x 10* LC group (Group F) was specific for tumor 
cell antigen and was not an allogeneic response. The fact 
that graded doses of liver cell inocula ( Groups T through 
Z) from a different strain of mice did not protect test 
mice from a significant number of metastases (p « 0.05 
—Fishers Exact Chi Squáre Test) supports this conten- 
tion. 

Specificity of the immune response was also substanti- 
ated when challenge with a different tumor line (#19) 
of the same C57/BL6 strain caused a statistically high 
percentage of metastases (p « 0.001) (Group P, Fig. 2). 
All mice receiving only a single tumor inoculum and no 
subsequent amputation or challenge treatment died of 
progressive cachexia associated with the growing tumor. 
Because they exhibited a mean survival time of 40.3 days 
(equivalent to --10-20 days post-amputation) before 
metastases could be noted, they were not considered po- 
tential candidates for metastases and were not included 
in the data. 
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Fic. 4. The incidence of metastases after amputation of the tumor- 
bearing limb and simultaneous challenge of the mouse with 
neuraminidase-treated cells. On the left ordinate are indicated 
the total per cent of metastases. On the right ordinate the days 
after primary tumor inoculation are shown when the animal wa: 
sacrificed or died. c—animal free of lung metastases, e—anmial 
with lung metastases. 


In Vitro Immunological Studies for Cell-Mediated 
Immunity 

Initial attempts to determine the ratio of effector cells 
to target cells revealed that a ratio of 100:1 or 50:1 (Fig. 
6) was optimal for differentiating between the cyto- 
toxic effect of sensitized LNC and normal LNC., Later 
tests confirmed that the same ratio of effector cells tc 
target cells could be maintained with lower concentra- 
tions of target cells, 


1. Serum Cytotoxicity 


Figure 7 demonstrates the standard test to assay foi 
serum cytotoxicity. This figure reveals the cytotoxic titer 
24—48 hours after the primary tumor was removed ( Groug 
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Fic. 5. The incidence of metastases after amputation of the tumor 
bearing limb and simultaneous challenge of the mouse with allo- 
geneic liver cells. On the left ordinate are indicated the total pe 
cent of metastases. On the right ordinate the days after primary 
tumor inoculation are shown when the animal was sacrificed o) 
died. o—animal free of lung metastases. e——animal with lung 
metastases. 
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NO: SURVIVING TARGET CELLS. 





2001 10031 501 20:1 103 51 21 


EFFECTOR:TARGET CELL RATIO 


Fic. 6. Preliminary titration to determine the optimal ratio for 
reduction in no. of MCA tumor #18 target cell by sensitized 
lymph node cells. 


A). This group of mice, also shown in Figure 8B, re- 
vealed the highest cytotoxic titers (p « 0.001) as com- 
pared with normal serum by the microassay test. Paper 
and cellulose acetate electrophoretic examination re- 
vealed a 10.4% level of immunoglobulin in this group's 
blood serum compared with 2-5% levels for all other test 
groups. 

Statistically significant cytotoxic titers (p « 0.01) 
were present at 24—48 hours post-amputation for four 
other groups of mice; those receiving amputation + 3 
X 104 LC (Group F) (Fig. 8C); amputation + 5 x 104 
LC (Group H) (Fig. 8D); amputation -- 1 x 10* XC 
(Group K) (Fig. 8E); amputation -- 3 x 10* N-mase 
C (Group R) (Fig. 8F). At 25-35 days post-amputation 
two groups which were totally protected from me- 
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Fic. 7. Titers of sera cytotoxicity to tumor #18: and animals 
treated only with amputation, The pooled sera were collected 
24-48 hours after amputation.of the tumor-bearing limb. 
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tastases, amputation + 3 x 104 LC (Group F) (Fig. 8C) 
and amputation + 3 x 10* N-mase C (Group R) (Fig. 
8F), had significant cytotoxic titers at this time while 
unprotected groups demonstrated metastases (Groups 
N, O) (Fig. 8G, H). It is of interest to note that the very 
weak cytotoxic titer present before tumors were palpable 
totally disappeared when the tiumor reached the 1.5-2 
cm. size at amputation (Fig. 8A). Humoral cytotoxicity 
returned 48 hours after the primary tumor was either am- 
putated only (Group A) (Fig. 8B) or if 3 x 10+ LC, 5 x 
104 LC, 1 x 104 XC or 3 x 104 N-mase C were ad- 
ministered at the time of amputation (Fig. 8 C, D, E, F). 


2. Cellular Immunity 


Specificity of the cellular immunity toward tumor line 
#18 is shown in Figure 9. If sensitized LNC or SC were 
obtained from different tumor line hosts (#19), no 
cytotoxic effect could be noted (Fig. 9A). Likewise, dif- 
ferent tumor target cells (#17 or #19), incubated with 
sensitized SC or sensitized LNC from a host with #18 
tumor, showed negligible in vitro destruction (Fig. 9B, 
C). 


AR. 


Vol. 176 * No. 4 





100 
p < 0.001 
75 
*A REDUCTION 
OF TARGET CELLS 
25 
0 
Host origin LLSS LLSS 
Lymphoid cell 18 19 18 19, 18 19 18 19 
TARGET CELL #18 #19 
A C 


Fic. 9. Specificity of cellular immunity to tumor #18 demon- 
strated by the cytotoxicity assay for sensitized lymph node cells 
and spleen cells. 


Cytotoxicity of LNC and SC was detected at 1 week 
prior to amputation before a tumor was palpable and at 
the time of amputation when tumor was palpable (Fig. 
10A). As the amputation protocol demonstrated protec- 
tive and nonprotective graded doses of tumor inocula 
(Fig. 2), the cytotoxicity of seven experimental groups 
was investigated at 24-48 hours after amputation, a 
time when proximal lymph nodes are thought to be 
activated? and at 25-35 days after amputation (55-65 
days after primary tumor inoculation) when unpro- 
tected experimental groups began to demonstrate me- 
tastic lesions (Fig. 2, Group N and O). With the excep- 
tion of LNC and SC from the group of mice receiving 
amputation + 1 x 10* XC (Group K), LNC and SC 
from all other groups tested for cell-mediated immunity 
had a tendency to exhibit a higher per cent reduction of 
target cells at 25-35 days after amputation than at 24-48 
hours (Fig. 10B, C, D, F, G, H). However, all sensitized 
LNC and $C showed some cytotoxicity at all time periods 
by all experimental parameters (p « 0.05). It is of in- 
terest that Group N, challenged with 1 x 10* LC + 6 
X 10* XC, MS with high levels of cytotoxicity for both 
LNC and SC 24-48 hours post-amputation and 25-35 
days post-amputation (Fig. 10G} was one of the groups 
which demonstrated a high incidence of metastases. 
There were no significant differences of cytotoxicity be- 
tween LNC and SC for any given protocol. 


3. Blocking Factors 


The results of tests with tumor #18 exposed to sera 
and LNC or SC, are seen in Figures 11 and 12, respec- 
tively. The mice receiving amputation and 1 x 10* LC 
+ 6x 105 XC, MS (Group N}, or amputation and 3 
x 10* LC + 6 x 105 XC, MS (Group O), which demon- 
strated high levels of metastatic incidence, at no time 
displayed statistically significant cytotoxic titers (Fig. 
8G, H). When this serum was incubated with tumor cells 
followed by lymphoid cells, only sera from these two 
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Fic. 10. Cell mediated immunity to tumor #18 as measured tf 
cytotoxicity of lymph node cells and spleen cells from identic 
groups as shown in Figure 8. 


groups were able to block the cytotoxic effect of syngene 
LNC and SC. This occurred at both 24-48 hours an 
25-35 days following amputation (Figs. 11G, H an 
12G, H). It is interesting that some of the sera appeare 
to augment the cytotoxic effect of the immune LN 
(Fig. 11B, D, E, F) and SC (Fig. 12A, B, D). 

The experiment with the group receiving amputatic 
+ 1 x 10* XC (Group K) was repeated to ascertai 
why an apparent “protected” group of mice should hay 
lower cytotoxic titers 35 days after amputation (Fi 
8E). In the second experiment, performed when the: 
TC were in generation 15-18, 19% (3/16) of the mic 
receiving amputation + 1 x 10* XC exhibited metastat 
lesions by 114 days (Fig. 3A). A test for cell-mediate 
immunity and serum blocking factors revealed the pre 
ence of a blocking factor in the serum at 25-35 days aft 
amputation (Fig. 3B). These data emphasize the appl 
cability of the microassay for testing small changes i 
the immune status of the host. 

In Table I, the incidence of tumor growing at the cha 
lenge site after amputation of the tumor-bearing lim 
is shown. No challenge-site tumors were seen when i 
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Fic. 11. Investigation of blocking activity by exposure of tumor 
#18 target cells to sera and lymph node cells from identical 
groups as in Figure 8, 


radiated cells or allogeneic liver cells were administered 
and, of course, no tumor appeared in the opposite limb 
after amputation alone. It is of interest that the neur- 
aminidase treated cells, at a dosage which was protective 
for lung metastases, failed to permit any challenge-site 
tumors to grow, while the other two less protective doses 
of neuraminidase treated cells were associated with some 
incidence of tumors, The most protective L-C dose (3 
X 10+) (Group F) had the lowest incidence of challenge 
site tumors (9%). In general, those groups of mice with 
the highest incidence of metastases also had the highest 
incidence of challenge-site tumors. 


Discussion 


An earlier report from this laboratory *? demonstrated 
that a critical dose of LC for each tumor line seemed 
capable of offering the host complete protection from 
metastastes. Those observations have been confirmed by 
these more detailed studies with this methylcholanthrene- 
induced fibrosarcoma #18. Although percentages were 
low for metastases in some unprotected groups, the pro- 
portion of mice in each of these groups with a growing 
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Fic. 12. Investigation of blocking activity by exposure of tumor 
#18 target cells to sera and spleen cells from identical groups 
as shown in Figure 8. 


secondary tumor was high (Table I, B, C, D, G). The 
data presented in Table I would suggest that the sys- 
temic immunity imparted by the oppositc limb inocula- 
tion is responsible for both the low incidence of lung 
metastases and challenge-site tumors. Had survival time 
been used as the criterion for metastatic observation 
rather than sacrificing mice at early periods, perhaps 
larger numbers of metastatic foci would have been ob- 
served in these groups. From these data it appears that 
inoculating the "wrong" dose of live cells (Figs. B, 
C, D, E, G, H) can be more hazardous than giving no 
challenge at all (Group A). Although the danger of 
tumor growth at the challenge site was lessened when 
XC were inoculated (Table I, I to M), incompletely im- 
munogenic XC doses gave no additional protection from 
lethality when compared to amputation alone (Groups 
I, J, L, M). 

Retesting the mice in the group receiving 1 x 104 XC 
(Group K), when tumor #18 was in gen. 15-18, re- 
vealed on closer examination a lack of total protection 
from metastases (Fig. 3A) and the presence of a block- 
ing factor concurrent with this metastatic state (Fig. 3B). 
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This finding, combined with the lack of protection in 
other irradiated groups (Groups I, J, L, M) was also 
consistent with former findings from this laboratory (20) 
whereby XC in conjunction with amputation do not af- 
ford total protection from metastases. This may be due 
to their weaker antigenic nature and the inability of ir- 
radiated tumor cells to release antigen continually be- 
cause of their limited life cycle.* The findings with Group 
K are somewhat encouraging, however, even if limited 
to the time when these cells were most specificly anti- 


genic. The ability to obtain protection from metastases 


with irradiated tumor cells has important clinical im- 
plications. Treatment of irradiated cells with other sub- 
stances such as neuraminidase, haptenes, BCG or carbo- 
hydrates might make them even more useful. Although 
none of the LC were tested in later generations in these 
present experiments, this has been done with other tu- 
mors in our laboratory and the protection persisted.?? 

The mice in Group N, treated with multiple site in- 
jections of XC, again were shown t» contain significantly 
large numbers of metastatic foci (Fig. 2). This phe- 
nonemon was observed previously in two other methyl- 
cholanthrene tumor lines?? At amputation, when 3 X 
10* LC (a protective dose by itself) were used in con- 
junction with 6 x 105 XC-MS (Group O), this protec- 
tive feature was eradicated. The rationale for the in- 
clusion of these groups in the experimental protocol was 
based on the concept that host immunity might be 
augmented by giving XC at sites away from the primary 
tumor, thus stimulating distant, uncommitted lymph 
nodes. Instead, the reverse occurred. 

The most significant control for the antigenic capa- 
bility of 3 x 104 LC at challenge (Group F) to be pro- 
tective, was the use of this same dose with different TC 
(#19) from the same strain (Group P). All mice re- 
ceiving #19 tumor at challenge succumbed to secondary 
tumors and a significant number developed metastases 
(p < 0.01). 

The specificity of the tumor antigen(s) was noted 
when liver cells at the 3 x 10* protective dose level from 
C3H mice did not afford allogeneic protection from 
metastases (Group X). Graded doses of allogeneic liver 
cells ranging from 1 x 10? — 5 x 104 also failed to 
elicit a protective immune dose-response curve (Groups 
T-Z). 

The ability of N-mase to change a destructive tumor 
inoculum into an immunogenic, therapeutic one has 
been noted.15:1415 Tt is of interest here that N-mase did 
not reduce the immunological properties of the 3 x 104 
LC dose, nor did it significantly improve the effects in 
the other groups studied. 

The problem of cytotoxicity in the microassay by 
normal cells (Fig. 6) has been discussed before.59.10.15 
Possible explanations given for this phenomenon include 
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Group (1.5-2.0 cm) # Mice % 
A Amputation only 0/18 0 
B A*+1 X10 LC 8/10 — 80 
C A-F5Xx10 LC 5/10 50 
D A+1X 10!LC 15/30 50 
E A+2 xX 10!Lc 3/15 20 
F A+3 xX 10*LC 2/24 9 
G A+4X 10! LC 18/19 95 
H A+5 X 10!LC 4/30 13 
I A+1X 10?XC 0/15 0 
J A+5X 10?XC 0/16 0 
K A-4-1X10 XC 0/14 0 
L A-43X10 XC 0/9 0 
M A-F-5x10: XC 0/14 0 
N A+1 X 104LC + 6 X 105 XC-MS 12/15 80 
O A+3 X 10: LC +6 X 105 XC-MS 6/10 60 
P A4-3 X 10! diff. tumor (#19) same strain 14/14 100 
Q A+1 X 104 N-mase 1/9 il 
R A+3 X 104 N-mase 0/9 0 
S A+5 xX 105 N-mase 1/10 10 
T A +1 X 10? allog. liver cells 0/12 0 
U A 4- 5 X 10! allog. liver cells 0/20 0 
V At1 X 10 allog. liver cells 0/19 0 
W A 4-2 X 10! allog. liver cells 0/15 0 
X A+3 X 10! allog. liver cells 0/12 0 
Y A4 X 10: allog. liver cells 0/14 0 
Z A+5 X 10! allog. liver cells 0/14 0 





*A = amputation 


(a) crowding and competition for metabolites,18 (b) ir 
vitro sensitization;'? (c) nonspecific factors produced by 
LNC capable of lysis 5 and (d) stereo-chemical differ 
ences between reticuloendothelial and tumor cells whicl 
could contribute to lysis.) Because of the tiny volum: 
of the microassay test plate and the large number o 
lymphoid cells and target cells plated, competition fo: 
metabolites is the most likely explanation. This is dra 
matically seen in Figure 6 when too large a number o 
effector cells was plated (200:1). No difference wa: 
seen between normal LNC and sensitized LNC. The 
need to plate 100:1 or 50:1 lymphoid cells to TC fo: 
effective in vitro TC destruction has been questionec 
since it is dubious this ratio exists in vivo. Alexander: 
has suggested that perhaps an excess of complement i: 
present in vivo to facilitate tumor cell destruction by 
suboptimal numbers of lymphoid cells. 

Figure 10 illustrates the common phenomenon 7817.1 
of poor correlation between the cytotoxicity of LNC anc 
SC and the ability of the tumor to grow in the host 
Lymphoid cells from those groups protected from me 
tastases (3 x 10* N-mase C and 3 x 10* LC) (Fig. 1 
C, F) had no significantly greater cytotoxic capacity thar 
those from nonprotected groups (Fig. 10 G, H). In al 
experimental groups both LNC and SC were cytotoxic. 

The effect of cytotoxic serum on tumor kinetics is nol 
clear. The only two groups with complete protection from 
metastases (Groups F, R) were the only groups with 
significantly high titers of cytotoxic serum 25-35 days 
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after amputation, a time when other groups displayed 
metastatic foci (Fig. SC, F). In a reciprocal manner, 
Groups N and O which had a high incidence of meta- 
static lesions were the only groups to show the presence 
of blocking factor at both 24-48 hours after amputation 
and 25-35 days after amputation. The importance of 
blocking factors in promoting tumor growth might be 
interpreted from the change seen in Group K (1 x 10* 
XC) when a later generation was used for a repeat ex- 
periment. The skift from protection against metastases 
to lack of protection in this group (Fig. 3A) paralleled 
the observance of blocking factor at that time (Fig. 3B). 

Hellström et ai. have shown that blocking factor can 
consistently be detected when tumor is palpable and 
not before.51* We did not find blocking activity in either 
instance (Figs. 11A, 12A) despite repeated attempts, 
especially in the mice with palpable tumors. The lack 
. of detectable blocking factor and cytotoxicity in the sera 
of the groups receiving amputation only (Group A), 
amputation + 5 X 10* LC (Group H) and amputation 
+ 1 x 104 XC (Group K) 25-35 days after amputation 
may be related to the lower incidence of metastases in 
these groups. Since the degree of lymphoid cell cyto- 
toxicity does not appear to be of predictive value in 
determining whether or not the host can control a tumor, 
interest has currently centered on the humoral factors 
as indices for subsequent tumor metastases. As a con- 
sideration for immune therapy there exists the possibility 
that early analysis of the serum 24-72 hours after tumor 
excision, might give sufficient information not only to 
predict the eventual metastatic pattern but also to in- 
dicate the necessity for therapy to alter the host’s initial 
immune status. Frequent monitoring of the subsequent 
variations in the immunological capabilities of the host 
in response to therapy with tumor antigen or other 
agents would be an essential corollary to any post- 
excisional treatment. 


Summary 


In C57/BL6 male mice bearing methylcholanthrene- 
induced sarcomas, complete protection from lung metas- 
tases can be achieved with specific doses of syngeneic 
tumor cells administered at the time of amputation of 
the tumor-bearing limb. Cell-mediated immunity assayed 
by modified microassay was observed in lymph node cells 
and spleen cells. Live tumor cells at a dose of 3 x 104, 
neuraminidase-treated cells at a dose of 3 x 10* or 
irradiated cells at a dose of 1 x 10* completely pro- 
tected the host from lung metastases and were associated 
with an absence of blocking antibodies, All other tumor 
cell doses given at the time of amputation, or limb am- 
putation alone, failed to prevent lung metastases as dem- 
onstrated by india ink infusion. 

Cytotoxic lymph node cells and spleen cells were ob- 
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served in animals from all experimental groups at all 
times in the test protocols. Mice given 1 x 104 live 
tumor cells or 3 x 10* live tumor cells in the opposite 
hind limb in conjunction with 6 x 105 irradiated cells 
simultaneously at multiple distant sites developed a high 
incidence of metastases for the tumor line studied. The 
mice in these two specific groups were shown at 24-48 
hours and 25-35 days after amputation to produce sera 
which blocked the anti-tumor cytotoxicity of their sen- 
sitized lymphoid cells. 

With the exception of the challenge dose of 1 x 10* 
irradiated tumor cells, graded doses of irradiated cells 
did not afford total protection from metastases. The later 
generation loss of immunogenicity of this effective dose 
of irradiated cells was correlated, in vitro, with the 
appearance of blocking factors in the serum of the host. 
These experimental studies indicate the potential pre- 
dictive and therapeutic advantages of immunological 
evaluation of the host shortly after surgical excision of 
a primary tumor. 
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Discussion 


Dn. Yoser H. Pirc (Los Angeles) This work should serve as 
a lesson to all of us who investigate immunotherapy in animal 
models, as well as those of us who use immunotherapy clinically. 

In thé first place, an animal model was devised which per- 
mitted evaluation not only of the rejection response to a living 
tumor cell challenge at a site remote from where a primary tumor 
had been excised, but permitted evaluation of the effect of im- 
munotherapy upon metastatic deposits in a system where spon- 
taneous metastases from an experimental tumor developed. This is 
in contradistinction to the usual experimental models, which either 
use tumors which do not spontaneously metastasize, or, use tumors 
which might spontaneously metastasize but the animals die of local 
tumor pon because the primary tumor is not removed. 

Usually, what is done is that a tumor is allowed to grow, and 
then the size of that primary tumor is followed as ani indication 
of the response to immunotherapy. This is much less analogous 
to the clinical situation than the study which Dr. Godrick and 
her-co-workers have reported to us today. 

The second lesson which I feel is to be learned from this study 
is the importance of evaluating serologic parameters, in vitro, 
and correlating them with the responses observed in terms of 
tumor growth or metastatic development in vivo. Certainly Dr. 
Godrick has pointed out that, the total dose, the route of ad- 
ministration, the dosage schedule, and the way the preparation 
for immunotherapy is manipulated can produce very different 
results in terms of the observed biologic effects on the tumor. If 
these biologic responses in vivo can be correlated with the results 


of in vitro tests, then modification or selection of alternate treat- 
ment plans can be made. 

It was interesting to me that the living tumor cells appeared to 
be immunologically as effective as a greater number of x-irradiated 
cells, This is in line with the observations made by a number of 
other authors that, for some reason or other, irradiated cells are 
reduced in their immunogenicity. Perhaps Dr. Godrick would 
care to comment on that. 

.l would like to ask one question regarding the beautiful in 
vitro technic: Did you use line 18 as the tumor which you studied 
because it happened, by virtue of its in vitro culture characteris- 
tics, to behave in vitro in such a way that the assays could be 
performed convenientlyP If the answer to that question is yes, 
this too is a lesson to all of us who attempt to use these sorts 
of in vitro assays: Select your tumor first, because it lends itself 
to good in vitro determinations, and then use that tumor to do your 
experimental study. 


Dx. ErizAsErH A. Gopricx (Closing): I would just like to 
comment on your note that x-irradiated cells seem to be less 
antigenic than the live cells. I think one thing that pointed this 
out to us was shown in the last slide, where in the generations 
after 15 the x-irradiated cells seem to be ineffectual. 

I did not mention that we also tested live cells in later genera- 
tions as a protective does, and they remain effectual; so Y think this 
helps to substantiate your comment. 

Yes, we did use tumor 18 in vitro. I might mention that we 
test tumor lines very extensively. I did not go into this, because 
it was not too pertinent, but we often have to throw out, maybe, 
ten or so before we get one that works nicely. 


Immunologic Response of Cancer Patients Modified by 
Immunization with Tumor Vaccine 
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NZAJKOWSKI ef dl* reported favorable results when 
C tumor preparations coupled to rabbit gamma glob- 
ulin were injected into cancer patients. These results 
were not confirmed by Cunningham et al? when they 
used a similar preparation. In a previous publication ° 
we pointed out -he clinical response of certain cancer 
patients to injection of a crude tumor homogenate. Since 
that report we have injected a greater number of patients 
with this homogenate. In addition, we have injected 
patients with a "normal" liver preparation and others 
with a more pure and more concentrated tumor prepara- 
tion. The purpose of this report is to compare clinical 
and laboratory data obtained from patients immunized 
with different "vaccines". 


Methods 


Patient Selection: Only patients with incurable (recur- 
rent and/or disseminated) cancer were utilized in this 
study. 

Vaccine I: The preparation used in the first 181 patients 
was made by mincing tumor obtained from the operating 
room. A 20% tissue suspension was made in isotonic 
saline, homogenized in a hand tissue grinder and the 
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contents of the tube frozen and thawed three times.? An 
injection of 1 ml of this preparation was given intra- 
dérmally and subcutaneously over either anterior thigh 
for 4 to 8 weeks. 

Vaccine II: The tumor homogenate prepared above 
was centrifuged at 102,000 g. for 75 minutes after a pre- 
liminary centrifugation at 5,000 g. for 15 minutes. The 
supernatant was concentrated 10-20 times in a Diaflo 
ultrafiltration cell (concentrated cell sap — CCS). This 
was used in 53 patients. 

Liver Homogenate: Normal liver tissue was prepared 
in an identical fashion to that for Vaccine I. Ten patients 
received 1 ml. of this preparation weekly for 4 weeks 
followed by four weekly irijections of Vaccine I. 

Exchanges: In most of these patierits, white blood cells 
or plasma and white blood cells were exchanged for five 
consecutive mornings within 3 days of the last vaccine 
injection. P 

Evaluation: All patients were observed for delayed 
hypersensitivity reactions (DHR) at the site of injections. 
Clinical response was evaluated by determining change 
in size of pulmonary lesions seen on chest x-ray or direct 
measurement of subcutaneous masses (objective group). 
In those few patients with lesions that could. not be 
measured objectively, survival was noted (subjective 
group). 

Complement Fixation: À standard complement fixation 
test was used. Antigen and antisera were titrated for 
anticomplementary effect and complement was titrated 
to determine the amount of complement needed to lyse 
90% of sheep erythrocytes (SRBC). Tubes were set up 
with controls for antigen, antisera, complement, diluent 
and then incubated at room temperature for 2 hours. 
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Sensitized SRBC were added and the test incubated one 
hour at 37?C. Each tube was centrifuged at 2,000 rpm 
(GLC-1) and the supernatant removed from each tube 
which was read at 413 mu and the O.D. of each tube 
recorded. Calculation for percentage of C.F. was read 
in the usual manner. 

Immunodiffusion: Concentrated cell sap (as described 
above) was used as antigen since laboratory experiments 
showed that this was the only cell fraction that reacted 
in gel-precipitation tests with sera cytotoxic in the pri- 
mary culture inhibition test. 


Results 


Of 181 patients injected with Vaccine I, 51 either 
failed to complete the program or were under treatment, 
34 were in the subjective group and 96 could be evalu- 
ated objectively. Twenty-two (23£) patients in the objec- 
tive group responded clinically to immunizations and 
exchanges. Few (10%) made a DHR at the site of immu- 
nization. 

Fifty-three patients were injected with Vaccine II; 
one patient failed to complete the program, 17 patients 
are still under treatment, 14 patients were in the sub- 
jective group, and 21 patients were in the objective 
group. Four of these patients received concomitant intra- 
arterial drug therapy and although all four responded, 
they cannot logically be considered as objective re- 
sponders of Immunotherapy alone. Hence, of the 21 in 
the objective group, only 17 received immunotherapy 
and four of these showed some objective evidence of 
response. Interestingly, each of these patients made a 
significant DHR at the injection site. Of the entire group 
of 31 patients, 622 made a DHR. Five patients whose 
disease was progressing rapidly failed to make a DHR. 

Normal liver homogenate prepared in a fashion iden- 
tical to Vaccine I was injected into ten patients who 
subsequently received Vaccine I. None of the patients 
made a DHR to liver homogenate although one patient 
subsequently made a DHR to Vaccine I. 

Preliminary results of laboratory studies have been 
reported previously for the Vaccine I group. The most 
significant observation reported was from the primary 
culture inhibition tests.? Sera from patients whose diag- 
nosis and vaccine were of the same histologic type and 
tested against target cells of same type showed the 
greatest incidence of cytotoxicity. Laboratory data herein 
reported will compare the effect of vaccine injection on 
the appearance of antibody determined by either immu- 
nodiffusion or complement fixation tests. For purposes of 
comparison, only the studies of sera from patients with 
a diagnosis of either carcinoma of the colon or melanoma 
will be presented. 

Sera from 17 patients with carcinoma of the colon 
immunized with Vaccine I were available for comple- 
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"TaBLE 1. Complement-fixing Antibody in Sera of Colon Cancer 
Patients following Injection of Cancer Vaccine. 
Vaccine I Vaccine II 
Serum Sample No. Pos. No. Pos. 
Preimmune 17 1 2 0 
Immune 17 3 2 1 





ment-fixation tests. One (62) patient's preimmune serum 
gave a positive result compared to three (18%) patients 
immune serum. The number of sera available from pa- 
tients immunized with Vaccine II were too few to be 
significant (Table 1). 

In complement fixation studies on sera of melanoma 
patients immunized with Vaccine II, none of 21 pre 
immune sera fixed complement, while 6 of 21 ( 20$) 
immune sera gave a positive result. Of those patient: 
immunized with Vaccine IL, preimmune sera from one 
of 12 (82) gave a positive result compared to five ol 
12 (42%) immune sera (Table 2). 

Sera from 18 colon cancer patients immunized witl 
Vaccine I were studied in immunodiffusion tests. The 
preimmune serum sample was positive in two and the 
immune serum sample in three (172). Of the colon can: 
cer patients immunized with Vaccine II, two of 1] 
(18%) of the preimmune serum samples gave a line ol 
precipitation, four of 11 (36%) of the immune ser: 
( Table 3). 

The sera from 28 melanoma patients immunized witl 
Vaccine I were evaluated in immunodiffusion tests; one 
preimmune sample and two immune sera gave a positive 
result. Of the 18 patients immunized with Vaccine II, twc 
of the preimmune sera gave a line of precipitation com. 
pared to six of the immune sera. 

Interesting results were noted in immunodiffusion stud. 
ies of the patients immunized with normal liver homog 
enate followed by injection of Vaccine I. None of the 
preimmune or post-liver injection sera reacted with eithe 
NLH or CCS. On the other hand, after injection o; 
Vaccine I, the serum from one patient reacted witl 
homologous CCS and not NLH. In addition, these ser: 
were evaluated for cytotoxic activity in culture tests (1) 
and none of the preimmune or post-liver injection ser: 
were cytotoxic for tumor cells in PCl test. However 
three of the post-Vaccine I sera were cytotoxic. 


Complement-fixing Antibody in Sera of Melanoma Patient 








TABLE 2. 
following Injection of Cancer Vaccine. 
Vaccine I Vaccine IT 
Serum Sample No. Pos. No. Pos. 
Preimmune 21 0 12 1 
Immune 21 6 12 5 
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TABLE 3. Precipitating Antobody in Sera of Colon Cancer Patients 
following Injection of Cancer Vaccine 











Vaccine I Vaccine IT 
Serum Sample No. Pos. No Pos 
Preimmune 18 2 11 2 
Immune 18 3 11 4 
Discussion 


From the several experimental immunotherapy pro- 
grams initiated over the past decade surprisingly little 
has been gained in the incidence of clinical response. 
Hence, progress seems dependents on sophisticated labo- 
ratory evaluation of events occurring within the patient 
before and after immunologic manipulation. 

When immunodiffusion studies showed that the con- 
centrated cell sap of tumors reacted with immune sera;? 
the relevance of this in vitro reactivity to biologic activity 
needed investigation. Hence, 53 patients were immunized 
with CCS (Vaccine II). Interestingly, only 10% of pa- 
tients made a DHR to Vaccine I, while 62% of patients 
made a DHR to Vaccine II. This is significantly higher 
than the 20% frequency of DHR in 75 patients injected 
with a soluble tumor extract by Stewart! Unfortu- 
nately, the number of patients treated with Vaccine II 
is too small to assess on clinical grounds the relative 
biologic activity of Vaccine II compared to Vaccine I. 
Nevertheless, the results in the patients treated to date 
suggest that Vaccine II, if it it more potent, is not as 
active as one might predict from in vitro studies and the 
increased frequency of delayed hypersensitivity reac- 
tions. Finally, since CCS may represent intracellular 
antigens, it is noteworthy that Vaccine II did not cause 
enhancement. In fact, in none of the 234 patients treated 
thus far, has there been evidence of enhancement. 

While the majority of tumor immunologists favor the 
prominence of cellular immunity over humoral factors in 
host resistance to cancer, methodology in evaluating 
cellular immunity in man lags considerably behind test 
systems available to measuré serum antibody despite the 
fine work done by the Hellstroms.5 Results of lympho- 
cyte toxicity in primary culture tests, macrophage inhib- 
itory factor assay, and lymphocytotoxin tests are so 
preliminary that they are meaningless for discussion at 
this time. 

On the other hand, serum antibody determinations as 


TABLE 4. Precipitating Antibody in Sera of Melanoma Patients 
following Injection of Cancer Vaccine | 








Vaccine I Vaccine II 
Serum Sample No. ` Pos. No, Pos. 
Preimmune 28 1 18 2 


Immune 28 2 18 6 
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presented herein are important even if serving only as 
a stepping stone along the road of progress. The increase 
in incidence of antibody as determined by complement 
fixation studies of sera from melanoma patients immu- 
nized with Vaccine I (29%) compared to Vaccine II 
(42%) is noteworthy. Results of immunodiffusion studies 
of sera from melanoma patients also showed a greater 
effect of Vaccine II than Vaccine I; 7% of sera had anti- 
body detectable by immunodiffusion after injection of 
Vaccine 1 compared to 33% after injection of Vaccine 
II. Although the number of sera tested from colon cancer 
patients was smaller, the results of complement-fixation 
and immunodiffusion tests with these sera showed a 
similar increase in effectiveness of Vaccine II. 

At the same time in a small series of patients !? 
normal liver homogenate seemed to have no effect in 
stimulating measurable antibody. 

Hence, the observation that a concentrated portion 
of the tumor cell can stimulate more effectively the ap- 
pearance of measurable antibody in the serum of man 
without evidence of enhancement of tumor growth is 
important. Equally as important is the observation that 
this concentrated cell sap gave a greater incidence of 
delayed hypersensitivity reactions at the injection site. 
Furthermore, the presence of skin reactivity to the vac- 
cine and the appearance of measurable serum antibody 
correlated with clinical response and/or the well-being 
of the patient. This observation is in contradistinction of 
that recently reported by Stewart and Orizaga./? These 
authors noted that patients who reacted against their 
own tumor extract appeared to die more rapidly than 
those who failed to react. A noticeable difference is that 
they used autologous extract while we used homologous 
extract. 

Of further interest was the observation that none of 
the 10 patients injected with normal liver homogenate 
made a delayed hypersensitivity reaction or antibody to 
NLH or CCS. However, following subsequent injection 
of homologous tumor vaccine one patients serum did 
react with CCS. This would seem to bring forth evidence 
that the appearance of measurable antibody is not merely 
to a non-specific stimulation of memory for tumor." 

Note, however, that no attempt is made to interpret 
data herein presented as showing tumor-specific immu- 
nity. From data to be presented subsequently ? cross- 
reactivity of antibody(s) in these sera was observed. 
Hence, antibody detected in this study may be directed 
against a tumor characteristic antigen rather than a 
tumor-specific antigen in a manner similar to that re- 
ported by Reynoso et al? As with carcinoembryonic 
antigen(s) the antibody(s) detected in these patients 
needs careful correlation with the clinical course of 
disease and further studies in vitro against concentrated 
normal antigens as well as other tumor antigens. 
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Summary 


A crude tumor homogenate was used to immunize 
181 cancer patients. Approximately 23% of these patients 
with measurable lesions responded. A concentrated post- 
ribosomal fraction of tumor homogenate was injected 
into 53 patients, A greater number of these patients 
developed delayed hypersensitivity reaction at the site 
of injection and had serum antibody detectable by im- 
munodiffusion and complement-fixation tests. At the same 
time no increase in clinical response was noted. 
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Discussion . 


Dr. Donap Morton (Los Angeles): I wish to ask two ques- 
tions as points of clarification, and then to mention some of our 
own work in this field. 

First: Since patients were paired, and tumors exchanged between 
patients, could you clarify for us what antibody response you 
are — Is the response to the HLA antigen, or is it to a 
tumor-specific antigen? It seems to me that this point is important 
in the interpretation and correlation of your clinical data. 

Second: When dealing with human studies, it is easy to see 
that you have achieved favorable results if the patient's tumor 
goes away. But how can you be sure that you have not caused 
enhancement in the patient whose tumor does not regress? 

I think tumor immunologists are in a quandry at the present 
time, because we know that humans do respond to their own 
tumors immunologically. We can measure the response in the 
test tube, and as Dr. Humphrey has shown, we can, under certain 
circumstances, cause patients to reject their own tumors. But as 
Dr. Godrick’s paper pointed out, if we go to an animal system 
where both tumor enhancement and immunotherapeutic results 
can be monitored closely, we see that with very small changes 
in antigen content and routes of administration, we can produce 
either enhancement or protection. 

In man it is difficult to do such controlled studies so we must 
go to the laboratory to determine which of these animal tumor 
models will give us the best parallel to therapeutic results. Our 
own studies have shown that both complement fixation and cyto- 
toxicity appear to test those serum antibodies that best correlate 
immune response with protection. 

In clinical cases of melanoma we have a situaton where one 
can actually see tumors disappear following immunotherapy. With 
BCG immunotherapy, we have been able to cause the patient to re- 
ject his own tumor. 

(Slide) This shows a patient who had 200 melanomas on the 
arm, some of which were injected with BCG, and this is 3 months 


_ after injection. 


(Slide) This is 8 months later, with very few pigmented lesions 
remaining, and the ones that do show no viable melanoma cells 
at biopsy. This patient is free of disease 2 years later. 

(Slide) This summarizes our data with BCG and melanoma, 
and you will notice that we have 20% free of disease at 2 years 
following treatment. These are people with widely -disseminated 
malignant melanoma. Notice that if the patient was immuno- 
logically competent, as indicated by his ability to respond to an- 
other antigen—-these are the ones who got the good responses— but 
if he was anergic, we really have been no significant responses. 

(Slide) However, melanoma is an unusual situation, and in 
most clinical situations one is dealing with people that already 
have widespread disease or with people in won we remove the 
bulk of the tumor with operation, and hope to prevent recurrence 
in long-term follow-up by postoperative immunotherapy. This is 
the response to immunization of a patient with fibrosarcoma to 
autologous tumor plus BCG. Here you see a tremendous rise in 
complement fixing antibody titer following this therapy. 

(Side) This is the response of a patient immunized with his 
own osteosarcoma. You see that he has developed cytotoxic anti- 
body that is specific for his own osteosarcoma cells in tissue cul- 
ture, but nat cvtotoxic to his his own skin fibroblasts. This re- 
sponse, therefore, is truly tumor specific. 

In summary, I think that at this point we can say that immuno- 
therapy, in the clinical situation, is going to depend upon defining, 
by laboratory study, those immune responses that best correlate 
with the clinical course, and then developing immunotherapy 
programs that will best stimulate these responses in the patient. 
Once we have that information, then we can have controlled 
clinical trials on a large-scale basis. 


Dn. L. J. Humpney (Closing): Dr. Morton has raised two very 
good questions. 

The question of measuring transplantation immune responsive- 
ness in these type studies is important, because we are dealing 
with a mongrel, man. 

I should point out that in the paired subjects they do receive 
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third party (homologous) tumor preparation, and not each other's 
tumor. In addition, there has been no correlation whatsoever with 
blood groups in each of the individuals. In studies carried on at 
NIH with their contract laboratory serum from some patients has 
been checked for antibody to HL-A antigen; they found trans- 
plantation antibody in one serum and it was monospecific to 
HL-A 9. However, studies are going on prospectively with Dr. 
Olga Jonassen in Chicago on this point. 

The second question Dr. Morton asked is perhaps the most 
important one, and I think also it points up the importance of 
Dr. Godricks and Wilson's work, and that is the question of 
enhancement. We need to monitor this very carefully, since we 
are using patients earlier and eaxlier in the stage of their dissemina- 
tion. 

One has little difficulty, if the patient is seen over some length 
of time, in deciding whether or not there has been enhancement; 
eg, in the patient who has a tumor that has remained in the chest 
for several months and following treatment, with no new lesions 
and only continued slight growth of the original, it is easy to say 
there is no enhancement. 

The difficult one, of course, is the patient who is going along 
very rapidly with disseminated disease. In none of these patients 
have we seen any market increase in the progress of the disease, 
but perhaps hidden in this rapid growth could be some 5 or 
10% increase. 

For us, at first, the frightening group to begin with, but now, 
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one that gives us some confidence that we have not seen enhance- 
ment in man, is the group that was not discussed in the clinical 
results. This subjective group is comprised of those patients 
that have slight amount of tumor or unmeasurable tumor, and 
therefore one cannot use them to convince audiences that indeed 
they have responded to immunotherapy. In no instance has their 
tumor suddenly "taken off," and the growth become accelerated. 

Thence while there is enhancement in the animal systems, 
evidently we have not hit that antigen-antibody proportion that 
gives enhancement in man. 

In the limited time during a single presentation like this, 
we could not cover all the various areas of importance. Cer- 
tainly the question of s — of serologic reaction is a para- 
mount one in our searches, and cross-reactivity that Dr. Morton. 
has shown in his fine work is also seen in our studies. However, 
we seem to see two basic types: Many patients that have almost 
monospecific immunologic reactions, and then those that have 
cross-reactivity with various tumor types even before we bégin 
to manipulate their immunologic responsiveness, 

I am pessimistic, somewhat, about the future of immuno- 
therapy as a single modality for the patient with disseminated 
cancer. On the other hand, I think the laboratory data presented 
here today and that of my fine discussant brings forth evidence 
that as an adjuvant at the time of curative surgery, and perhaps 
with other modalities for the patient with disseminated disease, 
immunotherapy indeed has some great promise. 


e 


Carcinoembryonic Antigen (CEA) in Patients With Carcinome 


of the Digestive Traci 


DOUGLAS HOLYOKE, M.D., GUSTAVO REYNOSO, M.D., T. M. CHU, Ph.D 


HE SURVIVAL of patients with carcinoma of the colon 
T and rectum has shown little improvement during the 
past decade. Patients with colonic malignancy are 
treated more successfully when the disease is diagnosed 
before lymph node spread has occurred. A laboratory test 
has long seen sought which would increase the possibility 
of early detection and also could possibly be employed as 
a screening test. Such a test would have additional value 
if it correlated with the recurrence of major disease. 

An antigen present in serum, tissue extracts of adeno- 
carcinoma of the colon and fetal colonic mucosa was de- 
scribed by Gold in 1965. This antigen may be absent 
from extracts of normal adult colon. Purification, partial 
chemical characterization and localization of the antigen 
to the cell surface of the gastrointestinal epithelium has 
been reported.?:5 A radioimmune assay capable of detect- 
ing plasma levels of the Carcinoembryonic Antigen 
(CEA) in the nanogram range was described by Thomp- 
son in 1969.8 Hansen in 1970 described a method for the 
radioactive immune assay of CEA using zirconyl phos- 
phate. With this procedure Hansen was able to find 
elevated plasma CEA levels in 28 of 30 patients with 
primary adenocarcinoma of the colon.* Our work reports 
the results of CEA determination at initial examination 
and during follow-up of 113 patients referred to the 
General Surgery Service at Roswell Park Memorial In- 
stitute with suspected malignancy during the year prior 
to the first of February 1972. 


Materials and Methods 


Patients referred to Roswell Park with suspected ma- 
lignancy and in whom laparotomy or definitive surgery 
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is anticipated have a blood sample drawn preoperativeh 
and at 4 and 14 days postoperatively. In patients fo 
whom operation appears definitive additional sample 
are taken at 30 days and at 3-month intervals thereafter 
When operation is not clinically judged to be complete 
samples are drawn at monthly intervals during radio 
therapy and/or chemotherapy. 

At operation an estimate of the amount of tumor in 
grams and a clinical estimate of the extent of tumor using 
a T N-M classification is made by the operating surgeon 
T; indicates that the lesion is confined to the mucosa 
Tz implies partial invasion of the bowel wall, Ts ful 
penetration of the wall and T, invasion of adjacent tissu: 
or organ. N, indicates few nodes close to the primar 
lesion, Ne more nodes further away and Ns more thar 
four nodes and/or nodes at the apex of the specimen 
Metastases are just listed at being absent or present. Thi 
surgeon’s clinical evaluation of extent of disease is con 
firmed by pathological study of the cleared specimer 
for lymph node involvement and histological study o 
possible metastases, The histological differentiation a: 
poor, medium or well differentiated is also recorded. 

The normal population studied consists of volunteer 
from the hospital plasmapheresis program and ar 
healthy adults who undergo periodical physical anc 
laboratory examinations. They range in age from 18 tc 
51 years. 

The method of radioimmune assay used is that o: 
Hansen. A detailed description of the method has beer 
published previously and it is briefly summarized here.‘ 
Seven milliliters of blood are drawn for each sample intc 
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TABLE 1. A Summary of Patients Tested for Carcinoembryonic 
Antigen (CEA) Referred with Gastrointestinal Disease 





Number of Patients 








Disease Positive Total % 
Cancer 
Colon and Rectum 39 47 | 88 
Pancreas and Biliary Tract 12 13 92 
Stomach 3 8 — 
Appendix 1 1 — 
Small Bowel 0 1 — 
Subtotal 55 70 7990 
Polyps 
Single and Multiple 2 6 mE 
Familial Polyposis 1 3 — 
Kindred Members 1 8 
Subtotal 4 19 = 
Other Malignancies 
Squamous Cell of Anus 2 5 m 
Sarcomas 4 6 — 
Subtotal 6 11 — 
Benign Gastrointestinzl Disease 
Cholecystitis 0 4 — 
Pancreatitis 1 2 — 
Diverticulitis 0 1 — 
Gastric Ulcer 0 1 — 
Cirrhosis 1 1 — 
Fatty Liver 0 1 — 
Bleeding Hemorrhoids 0 1 — 
Benign Hepatomegaly . 0 1 = 
Jaundice and Waldenstrom's 
Macroglobulinemia 1 1 — 
Subtotal 3 13 23% 





a tube which contains disodium ethylenediamine tetra- 
acetic acid (EDTA) as anticoagulant. The sample is 
centrifuged and the plasma is analyzed immediately or 
frozen until the analysis is performed. The plasma is 
extracted with 0.6 molar perchloric acid, This is removed 
by dialysis. The neutralized extract (pH 6.2) is incubated 
with a mixture of ?5]-CEA and monospecific goat anti- 
CEA antibody.* Incubations are carried out at 45°C for 
30 minutes. Separation of the bound 1°1-CEA from free 
CEA is accomplished with zirconyl phosphate gel The 
radioactivity of the bound fraction is counted in a multi- 
sample gamma ray spectrometer. The levels of CEA 
present are determined by plotting the per cent of 5] 
CEA bound versus known concentrations of non-radio- 
active CEA standards. In this study a level of CEA up 
to 2.5 ng/ml. of pasma is taken as normal. Above that is 
considered as elevated. 


Results i 


Table 1 summarizes the results in our 113 patients. 
Seventy patients who had cancer of the stomach, biliary 





* Radioactive CEA and Goat anti CEA, absorbed and mono- 
specific, were kindly supplied by Dr. Hans Hansen iof Hoffman 
Le Roche, | 
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tract, small and large bowel were studied. Six who were 
tested had either a single or a small number of colonic 
polyps. Five patients with familial polyposis were ex- 
amined fcllowing total excisional surgery. In addition 
eight members of these patients’ families were tested. 
CEA tests were carried out on five patients with squamous 
cell carcinoma of the anus and six with sarcoma during 
the period of study. In addition 13 patients who were 
later found to have benign intestinal disease were assayed. 
Table 1 illustrates that 79% of these patients with intestinal 
and biliary malignancy exhibited elevated CEA. levels. 
As performed, this assay has been less successful in diag- 
nosing carcinoma of the stomach to date. Only three of 
eight patients have had elevated CEA. values. If these 
patients with gastric carcinoma are excluded our cancer 
detection rate approaches 85%. Two of the six patients 
with polyps of the colon had low positive values. One 
patient of the five familial polyposis patients who had had 
total colectomies had low but elevated values. So did 
one of the kindred members with no evidence of disease. 
Two of the patients with squamous cell carcinoma of the 
anus and four of the six patients with sarcoma had ele- 
vated levels of CEA. 

Three of 13 patients who had benign disease had posi- 
tive CEA determinations. These include one with ad- 
vanced cirrhosis who died a few days following the test, 
one with moderate pancreatitis and one with jaundice 
associated with hemophilia and Waldenstroms macro- 
globulinemia. In the patient with pancreatitis the positive 
CEA result posed a clinical diagnostic problem. The 
value for the patient with pancreatitis was greater than 
2.5 ng but less than 5.0 ng. 

Table 2 separates patients with colon and rectal cancer 
into those in whom it was possible to totally resect their 


TABLE 2. Carcinoembryonic Antigen (CEA) Levels in Resectable 
and  Non-Reseciable Colon and Rectal Cancer Patients 





Number of Patients 





Category of Malignancy Positive Total % 
Colon Primary Complete Resec- 
tion 9* 10 90 
Colon Recurrent Complete Resec- 
tion 2 2 — 
Rectum Primary and Recurrent 
Complete Resection 3 4 — 
Subtotal 14 16 87% 
Colon Primary Incomplete Resec- 
tion 11 12 = 
Colon Recurrent Incomplete 
Resection 10 14 — 
Rectum Primary and Recurrent 
Incomplete Kesection 3 5 — 
Subtotal 24 31 7196 





* The lesion missed was a small tumor in a 15 Gm. villous ade- 
noma. 
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clinically detectable disease from those in whom it was 
not. There were 16 tumors including both primary and 
recurrent colon and rectal lesions which were clinically 
completely resectable. Elevated CEA. levels were pres- 
ent in 9 of 10 of these resectable colonic cancer patients. 
Table 2 also illustrates that for extensive tumors that 
could not be resected, the CEA levels were possibly not 
elevated in a higher percentage of patients than for the 
resectable disease (77 of 31 against 2 of 16). 

Table 3 lists the relationship between the extent 
of disease and the elevation of CEA in plasma of patients 
with primary cancer of the colon and rectum. The 
brackets identify tumors of the rectum. In Group One 
patient number six had a second primary of the colon, 
the first having been removed 8 years before. In Group 
Two the last patient listed had a metastatic primary of 
the breast in addition to the carcinoma of the colon which 
`- was resected, The corrected CEA values in Groups One 
and Two exclude these two patients. Three of the five 
patients in Group One with no nodal or metastatic spread 
were found to have elevated levels of CEA. Two of these 
values, 3.3 and 4.1, were greater than 2,5 ng/ml. but less 
than 5.0 ng. All seven patients in Group Two who had 
lymph node, but not distant tumor spread, had elevated 
CEA levels in their plasma. Three of these values fell 
between 2.5 and 5.0 ng. In Group Three 15 patients are 
listed with extensive metastatic disease. Two of the 15 
repeatedly tested with CEA levels less than 2.5 ng/ml. of 
plasma. ` ; 

Table 4 reports our findings in patients with cancer of 
the pancreas and biliary tree. Thirteen patients were en- 
countered and 12 had elevated levels of CEA. The thir- 
teenth responded well to x-ray and review of the patho- 
logical findings indicated a diagnosis of reticulum cell 
sarcoma. Two of our 11 patients with carcinoma of the 
pancreas were operable. The smaller had an estimated 
weight between 7 and 10 Gm. with a value of 2.9 ng. 
The larger was estimated at about 12 Gm. with a value 
of 4.8. The mean value for the nine inoperable lesions 
was 12.5 ng/ml. The lesion of the biliary tract which did 
not show an elevated value was finally diagnosed as 
reticulum cell sarcoma. 

Twelve patients have follow-up with four or more de- 
terminations to illustrate changes in CEA level with 
changes in the course of disease. Figure 1 depicts six 
patients who were followed after clinically definitive 
operation for colon carcinoma. Over an average of 5 
months these patients have remained free of demonstra- 
ble disease. CEA levels fell to normal in all six of these 
patients. By 14 days the mean CEA value for these pa- 
tients was 2.3 ng/ml, To date this is the pattern we see 
for patients who have clinically resectable disease and 
who remain free of disease for a significant period of 
time. Figure 2 illustrates the initial fall and subsequent 
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TABLE 3. Carcinoembryonic Antigen (CEA) Levels in Primar. 
Cancer of The Colon and Rectum—<Stage of Disease 








Group 1 Group 2 Group 3 
No Nodes Nodes Metastases 
to 0.0 tani 2.8 (0.0) 
(ta 2.0) tni 4.0 (12.6) 
(ts 3.3) tang 13.1 (8..6) 
ta 4,1 tang 4.1 50.0 
t4 5.8 tina 37.1 43.2 
te 14.7* tanz 5.0 45.0 
tane 5.1 100.0 
X All = 4.9 tani 5,5** 46.7 
X Corr = 3.0 
X = All = 9.6 
X Corr = 10.2 2 





Normal Range = 2.5 ng per ml of plasma. 
* Second Primary 
** Also had metastatic breast cancer. 


recurrence in two patients who were also clinicallv re 
sectable. In both patients careful review of their clinica 
records indicates that the CEA levels became elevate 
between 30 and 60 days before they showed any symp 
toms from their recurrent disease, although in the pa 
tient with the shorter interval free of disease the alkalin 
phosphatase began to show an elevation about the sam 
time as the CEA. 

Figure 3 depicts the CEA response pattern in thre 
patients in whom resection was only partial, with residu: 
disease clinically obvious at operation. In none of thes 
patients did the CEA level fall below normal. In two c 
the patients the values continued to rise steadily. In on 
there was a partial remission indicated by the fail i 
CEA level. However, this did not fall to normal value. 

Figure 4 presents an additional example of the monito: 
ing of tumor extent by measuring the levels of CEÀ i 
plasma. In this patient the initial operation consisted c 
a laparotomy and biopsy only. The CEA level remaine 
elevated following operation. Forty days later CCNI 
chemotherapy was instituted. At that time there was est 
mated to be between 800 and 1,000 Gm. of tumor in th 
patient’s abdomen. The patient showed a marked clinic: 


TABLE 4. Carcinoembryonic Antigen (CEA) in Patients with Bilia 
Tract Malignancy 





Number of Patients 





Level pf 
Site of Malignancy Positive Total CEA 
Pancreas 
Operable 2 2 2.9, 4.8 
Inoperable 9 9 mean 12.5 
Biliary Tract 1 2 
Total 12 13 





Normal range = 2.5 ng per ml of plasma. 
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Fic, 1. This figure plots the plasma levels of carcinoembryonic 
antigen in ng/ml. of plasma against time following operation in 
days. The slope or rate of fall of level of CEA following complete 
tumor removal from an initially elevated value is rapid. By 14 
days the mean value for the group is 2.3 ng/ml. of plasma. In 
these patients in whom the tumor was grossly completely removed 
the values all fell to less than 2.5 ng or normal levels. 


response at the same time as the decrease in CEA levels. 
The CEA levels rose again between 30 and 60 days before 
clinical examination and study by previously available 
laboratory methods indicated a relapse and increase in 
the amount of tumor. 

` In a healthy volunteer normal population of 359, five 
patients showed elevations greater than 2.5 ng/ml. for 
CEA in plasma. Three of these were technical and did 
not repeat. In one patient the values fell to normal over 
a period of 6 weeks. The remaining patient has continued 
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Fic. 2. This figure plots the plasma levels of carcinoembryonic 
antigen in ng/ml. of plasma against time following operation in 
days. The two patients shown here were clinically free of disease 
at operation. The arrows define the point at which the CEA 
assay indicated most tumors might be growing and the point 
at which progressive disease was clinically apparent. 
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Fic. 3. This figure plots the plasma levels of carcinoembryonic 
antigen in ng/ml. of plasma against time following operations in 
days. The three patients shown here had residual disease follow- 
ing operation. One patient’s CEA level fell: following partial re- 
moval, but not to normal. The other two patients showed. pro- 
gression of their CEA elevations. The arrow indicate values greater 
than 45 ng/ml. l 


to run an elevation and is being watched closely although 
no malignancy can be detected at present. - 


Discussion 


Measurement of plasma level of CEA by Hansen's tech- 
nic * does detect nine of 10 primary cancers of the colon 
when they are still technically resectable in this series. 
The reported over-all detection rate for carcinoma of the 
colon in the Combined Study monitored by Hoffman La 
Roche is 722. Our rate is somewhat higher than this but 
we have a preponderance of referrals with rather large 
or advanced tumors. In our five patients with early 
carcinoma of the colon and rectum with no nodes the 
disease was not detected by measuring CEA levels in 
two. The reports appearing from the combined studies 
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Fic. 4. This figure plots plasma levels of CEA following laparo- 
tomy and during treatment with CCNU. The patient had a clinical 
remission which was marked, The CEA level rose before the 
relapse which developed was clinically apparent. 
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now indicate that most groups of investigators are de- 
tecting somewhere around 50% of stage A lesions." In the 
case of cancer of the pancreas it appears from the data 
reported here that early detection may be possible, but 
with what kind of frequency cannot be said at present. 
Examination of the tumors in this series of patients in- 
dicates that tumor differentiation has no effect on level 
of CEA in the plasma. Quantity of tumor tends to affect 
the level, in general, the more tumor present in the body 
the higher the level of CEA. However, this is not as 
evident as is the effect of tumor spread to nodes and as 
metastases in the data currently available. It is helpful to 
note that CEA is rarely elevated in à normal population 
of healthy volunteers. However, it is elevated although 
usually not greatly, in such diseases as cirrhosis and pan- 


creatitis. There is not enough information available to, 


state whether or not the test as now constituted will serve 
as a diagnostic adjunct, screening test, or both. What is 
apparent already, however, is that the test is presently of 
sufficient value to merit further clinical usage. 

The different patterns of CEA response to complete 
versus partial tumor removal at operation and the infor- 
mation gained: from studying the two patients clinically 
free of disease following operation in whom the CEA 
levels began to rise after some months prior to clinical 
or other laboratory evidence of progressive disease sug- 
gest that the CEA plasma measurement may be useful in 
monitoring patients as they respond to different therapy. 
The change in CEA plasma level in the patient who did 
respond to CCNU further suggests that this might be so. 


Summary 


One hundred and thirteen patients referred for treat- 
ment of possible gastrointestinal malignancy have been 
tested to determine their plasma Carcinoembryonic 
Antigen (CEA) levels. The relationship between the ex- 
tent of disease and the CEA level has been examined. 
Follow-up information on CEA levels following treat- 
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ment is available in 12 patients. In eight patients wit! 
clinically complete removal of tumor the CEA. value fel 
to normal, i.e. less than 2.5 ng/ml. of plasma in each. h 
two of these it rose again before recurrence could bi 
detected clinically. In four patients in which complet 
removal of tumor was not possible the CEA values dic 
not fall to normal levels. In one of these patients CEA dic 
fall to normal levels during a response to CCNU. Th 
value rose again at relapse. This rise was noticeable be 
fore clinical determination was evident. Thus CEA screen 
ing for abdominal malignancy is proving to be of value i 
selected clinical problems. Further application in divers 
clinical settings may confirm its ultimate value as : 
screening test, prognostic marker, and especially as : 
disease monitor. 
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Discussion 


Da. L. J. Humpwrey (Kansas City): Dr. Holyoke has pre- 
sented very cautiously some important data. Perhaps we can 
get our President to comment on: some of the fine work that he 
and Dr. Critchlow and their workers have done with respect to 
CEA in the serum of patients with other maglinancies such as 
breast carcinoma and melanoma. 

One of the interesting points that has arisen lately regarding 
CEA is the fact that it is present in normal colon’ mucosa. 
[Slide] This is an illustrative type slide to show you the principle 
of a report made by Dr. Felix Milgrom, and co-workers at the 
Federation meetings; in immunodiffusion studies, one puts carci- 
noembryonic antigen in one peripheral well with normal colon 
and concentrated normal colon in two adjacent wells. Antisera 
to CEA is placed in the center well. i 


What they found was that when they concentrated norm: 
colon antigen 50 times, a line of identity was noted between. wel 
containing CEA and concentrated normal colon indicating, < 
course, that the anti-CEA serum can recognize an antigen i 
concentrated normal mucosal preparations that is identical wit 
carcinoembryonic antigen. 

This should not disappoint us, because one of the most com 
monly used test in clinical medicine today is the Wasserman 
test, and I hasten to point out that this is not treponema-specifii 
The antigen is not from treponema pallidum, as you know bt 
from fetal liver and even other synthetic chemicals. Neverthele: 
the Wassermann has served for years as a very useful laborator 
test. 

This may well be the case with CEA; it is not tumor-specifi 
but it is at least tumor characteristic, and may still have gre: 
value as a serodiagnostic or seroprognostic test. 
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Dr. Dav P. Box» (Boston): Some of you may wonder why 
a thoracic surgeon would rise to discuss this. For two reasons: 
One is that it came from another hospital, originally; and sec- 
only, after studying the sordid record of almost a thousand cases 
of canecr of the esophagus, I wondered if this could be applied 
to the earlier diagnosis of esophageal cancer. Not a single instance 
of epidermoid carcinoma of the esophagus has been positive, 
in our experience, unfortunately. 

The possibility of a usable antigen-antibody reaction in the 
intestine has intrigued workers for years, since the gut abounds 
in small round cells and plasma cells. The gut is perhaps 25$ 
lymphoid tissue. Not the least of Philip Gold's ingeniousness, was 
selection of the gastrointestinal tract for this possible break- 
through in tumor immunology. 

The 1965 work from Montreal General Hospital filled us with 
the wild hope that a serviceable clinical test for gastrointestinal 
cancer might be near. The question is: Do we have it now? 

The data you have just heard comes from a' group known for 
dispassionate review of its experience. It does raise some expecta- 
tions but also some misgivings. 

The Lahey Clinic experience is just about parallel with this, 
„although, unfortunately, our sampling is small. Using an identical 
technic and reagents supplied by the orginators, of the technic, 
Dr. F. Warren Nugent and Miss E. Hansen in our laboratory have 
done 155 assays. It is striking how closely the figures coincide 
in proved cancer of the colon. Thirty-five of 48 were positive, 
which is over 70%. 

In proved cancer of the pancreas 15 of 16 (952) were positive. 

But in chronic pancreatitis, of nine cases, seven were positive; 
this was disappointing. In other gastrointestinal cancers we had 
almost the same experience as Dr. Holyoke. I think three of ten 
were positive. 

In nonmalignant adenomas of the gastrointestinal tract we 
found no positives in five tries, though he found one. 

There were two final groups which we assayed. One was 
nonmalignant acute intestinal disease, such as ulcerative colitis, 
Crohn’s disease, nontropical sprue, and a few stomach problems— 
gastric ulcer, mostly. Almost half of these yielded a positive 
result. Perhaps, most disappointing is that of 38 people with no 
known disease, six were positive for CEA— 16$. 

So where are we? Our workers agree with Dr. Holyoke that 
this is an ingenious exciting and promising technic. The reagent 
may be further purified, as he has suggested, and rendered more 
selective. Then we may have a branch to swing from in—carrying 
cancer immunology to the bedside. But there are, at present, 
enough false positives and false negatives to urge caution. 

Mr. Chairman, there has been so much talk about our public 
image that I think a word is in order here. Much of the frustration 
that medicine faces today in the image department springs from 
a public climate of overexpectation. This point has been made 
several times at this meeting. 

So it is proper that the Buffalo pon Philip Gold, ourselves 
and others have nót gone and told this on the mountain; that 
' we have held back until there is what he implies to be imminent, 
that is, a fairly large body of data—so that we can present it 
to the public in a united manner which is suitably restrained 
and does not contribute to this overexpectation. This overexpec- 
tation is translated by patients unwittingly—perhaps wittingly 
by others—into deficiencies of performance and availability and 
all the other things of which we are accused. 


Dr. R. Cameron Harrison (Vancouver): I ask one question 
with respect to the colon lesions, presented by Dr. Moore: In 
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your Group O colons, many of which were negative, were there 
any carcinoma in situ lesions, as there were in Hansen's paper 
recently in the American Journal of Surgery? 


Present HHoaps: Dr. Holyoke kindly asked me if I would 
discuss this paper, but unfortunately I brought no data along 
from the work that Dr. Crichlow and Dr. Coller and his group 
have been doing. 

The American Cancer Society was, of course, extraordinarily 
interested in Dr. Gold's early results, and set up a plan in con- 
junction with the Canadian Cancer Society for a study in two 
universities in Canada and three in the United States. The latter 
included Dr. Jack Cole and his associates at Yale, and a group 
headed by Dr. Marvin Pollard at Michigan, and our own group. 

The results were double-blinded and the code was finally 
broken in the Spring of 1972, and the results will be published. 
I can not quote the figures, but they do not diverge in any gross 
way from those that have been shown you. . 

Personally 1 have a theory about screening tests, or cancer 
diagnostic tests; if they do not give any false positives—that is, 
if they do not tell there is a cancer where there is no cancer—they 
are apt to be valuable, even though they only disclose a modest 
percentage of -he people who have cancer. As long as they 
disclose some whieh are not otherwise evident, they serve a 
useful purpose. 

But when they give false positives, and cry wolf where there 
is no wolf, they create consternation in families, in patients, in 
communities, and they become virtually unuseable at a clinical 
level. 

As you know, there have been previous serologic or blood 
tests for cancer that have achieved the 80 to 85 per cent accuracy 
level, and they have fallen into disuse; I think, because they 
gave false positives. 

That does not mean that work in this area is not of value. 
On the contrary, I think it represents a line of investigation which 
must be vigorüusly pursued. One feels that where there are so 
many leads the-e is likely to be a successful solution. It is reason- 
able to hope that studies will detect — or antibodies—but 
perhaps more likely, antigens which will direct our attention 
to many more early cancers before they would be discovered 
by other means. 


Dn. E. D. Horvoxe (Closing): In regard to the specific ques- 
tion of colon malignancies which were not detected, one was 
a small malignant lesion in a polyp. We also had a large "inva- 
sive" recurrent carcinoma of the colon that was not detected. 

All that can be said, perhaps, has been said at this point. 
One thing that might be done would be to shift the assay norm 
up from 2.5 to 5 nanograms, which may or may not handle the 
false positive problem. This is under consideration and evaluation. 

Another may be to use a less purifled antigen than we are 
using now as the antigen as prepared now may be too pure. 

Y hope I have put this problem in perspective. On the basis 
of our limited data, particularly in the surgical oncology setting, 
we are interested in following these patients through treatment 
with chemotherapy, radiotherapy, and/or immune therapy. We 
believe the use of CEA as a patient monitor looks very promising, 
particularly where the patient serves as his own control pre- 
operatively and we know in advance that we have an elevation 
before operaticn or therapy. 


Selection of Surgical Treatment for Well Differentiated 


Thyroid Carcinomas 


JOSEPH A. BUCKWALTER, M.D., COLIN G. THOMAS, JR., M.D. 


URGICAL EXCISION is generally recognized as the pre- 
S ferable primary treatment for carcinomas of the 
thyroid gland. Controversy continues concerning the 
amount of thyroid tissue which should be excised. Ther- 
apy may vary from excision of only that part of the lobe 
which appears to be the site of the neoplasm, to excision of 
the lobe harboring the lesion, removing the isthmus and/ 
or contralateral lobe when the operative findings indicate 
these tissues are involved by neoplasm.!? Total thyroidec- 
tomy has also been recommended as the proper operation 
for all carcinomas.?35 The technic of total thyroidectomy 
varies in an important way. Total extracapsular thy- 
roidectomy is performed to assure complete excision of 
the thyroid carcinoma. More commonly advised is a total 
extracapsular lobectomy on the side of the lesion or the 
side of the largest mass of neoplasm when there is bi- 
lateral involvement. Subtotal intracapsular lobectomy is 
done on the contralateral side, preserving 1-2 Gm. of 
thyroid tissue and the posterior capsule in the region of 
the inferior cornu of the thyroid cartilage. The justifica- 
tion for “near” total thyroidectomy rather than total 
extracapsular thyroidectomy is that the increased in- 
cidence of postoperative hypoparathyroidism is too high 
a price to pay for the unproven improved survival which 
theoretically is achieved by excising the thyroid remnant 
and posterior capsule. 

The spectrum of surgical procedures practiced for the 
management of the regional and more distant cervical 
lymph nodes, extends from the en bloc classical radical 
neck dissection with excision of the jugular vein, sterno- 
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cleidomastoid muscle, spinal accessory nerve, and the 
contents of the cervical and submental triangles to so 
called “berry picking,” removing only involved nodes 
without excision of contiguous normal tissue. Most opera- 
tions directed at the cervical lymph nodes probably are 
between these two extremes.?-5.9.12,16 

The more formidable procedures of bilateral radica! 
neck dissection and a splitting of the sternum with 
mediastinal lymph node dissection are done infrequently. 
“Prophylactic” lymph node dissection is rarely done to- 
day in patients with no evidence of node involvement. 
The reason usually given is that this approach, more 
widely applied in the past, failed to improve prognosis. 
The data available are insufficient to support this or the 
opposite contention that the use of prophylactic neck 
dissections results in better survival in patients witt 
thyroid carcinoma. 

Opinions differ concerning the usefulness of the micro. 
scopic examination of frozen sections of tissues removec 
at the time of operation. The experience of the pathologist 
and his confidence in being able to make the correct diag. 
nosis is the pertinent consideration. Frozen sections car 
be reliable and have been used to determine how muct 
thyroid should be excised and whether or not lymph node 
resection is indicated. 

Among the several reasons for the continuing lack o: 
agreement concerning the surgical management, is the 
low incidence of thyroid carcinomas, about 1% of al 
malignancies. The number of patients seen even in the 
largest hospitals, is insufficient to meaningfully compare 
the results of different methods of treatment. 

Since all the data concerning the indications for the 
surgical therapy of thyroid carcinoma are obtainec 
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retrospectively from the patient's medical records, there 
are "built in" multiple uncontrolled variables which fur- 
ther complicate the evaluation of the treatment results. 
The biologic behavior of well differentiated thyroid 
carcinoma characterized by slow progression, late me- 
tastasis and long survival in patients with no treatment, 
contributes to the difficulty of evaluating the impact of 
therapy. Patients with these lesions must be followed for 
10 years and longer, before differences in survival related 
to therapy may become evident. This and the low in- 
cidence of the disease makes it unlikely that it will ever 
be feasible to make controlled observations by establish- 
ing a prospective randomized clinical trial. 

Carcinoma of the thyroid is not a single but several 
neoplasms which differ in biologic behavior and there- 
fore in their response to treatment and prognosis. Failure 
to recognize this is another important factor contributing 
to the controversy concerning the management of thyroid 
carcinomas. 

The results of an investigation of the effectiveness of 
surgical treatment in patients with histologically con- 
firmed thyroid carcinomas seen at the University of Iowa 
Hospitals, through 1967, have been previously reported.? 
The purpose of this report is to update the findings of 
the earlier investigation, report the findings in additional 
patients seen during the past 4 years at the University of 
Iowa Hospitals and the findings of all patients with thy- 
roid carcinoma seen at the North Carolina Memorial 
Hospitals. The results of surgical therapy are reported in 
terms of survival of the patients, the incidence and type 
of recurrent disease and the morbidity related to the sur- 


gical therapy. 


Materials and Methods 


The results of surgical treatment in well differentiated 
thyroid carcinomas to be reported are those which have 
been observed in 266 patients seen at the University of 
Iowa Hospitals and 131 at North Carolina Memorial Hos- 
pital through the year 1971. There is a thyroid carcinoma 
registry functioning in both hospitals. The method used 
for the collection, processing, and analysis of the data 
is essentially described in the previous publication. 

Historical information, physical, laboratory and x-ray 
findings, method of treatment, operative and pathologic 
findings and follow-up information is collected and coded 
by the secretaries responsible for the two thyroid carci- 
noma registries which are directed by the authors. The 
data is transferred from the study protocol to punch 
cards. This procedure and all additional processing and 
analysis of the data is done at the North Carolina Me- 
morial Hospital. Follow-up information is obtained at the 
time of return visits of the patients to the hospitals, by 
correspondence with the patients and/or their physicians 
and from death certificates. Information about all sur- 
viving patients is obtained at least once a year. The fol- 
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low-up data which is collected and coded by the two 
secretaries, is used to update the punch cards on which 
the patient data is stored. A computer program has been 
developed for analyzing the data. This program makes it 
possible to correlate any finding with all other findings 
and their effect on survivorship. 

Survival rates are computed by a modification of the 
method described by Berkson and Gage,‘ the method 
used to compute survival by the End Results Group of 
the National Cancer Institute.! An example of the applica- 
tion of the method to patient data is given in the previous 
communication. Survival is computed on the basis of the 
number of patients subjected to the risk of dying for the 
time interval heing examined, who; (a) survive, (b) are 
dead, and (c) are lost to follow-up. The results are re- 
ported in the form of survival graphs. Survival curves are 
shown for various groups of patients. Percentage survival 
is indicated along the vertical and years survival along 
the horizontal axes of the graphs. The number at the end 
of each survival curve indicate the number of patients 
in the group; those in parentheses indicate the number 
of patients surviving at the end of the survival interval 
examined, which is 20 years in most instances. 

The statistizal significance of the differences between 
survival curves, is indirectly related to the length of sur- 
vival. That is, in each group of patients studied, more 
patients subjected to the risk of dying survived at 1 
than 2 years, at 2 than 3 years, and so on. For example, 
in Figure I the differences between the survival curves 
of patients with papillary and follicular lesions mean 
more statistically at 8 than 16 years of survival, even 
though the d-fferences in the percentages of survival are 
greater at 16 years. Thus, the size of the standard errors, 
determined by the size of the patient group, are indi- 
rectly related to the size of the patient group. Differences 
in survival are examined for statistical significance using 
the method described by Koch, Johnson and Tolley 4 
which is similar to that of Cutler and Ederer.? All the 
differences between survival curves have been examined 
for statistica. significance. Whenever the differences in 
survival at & 10, 15, or 20 years have statistical signifi- 
cance, it is indicated in the text. Only those differences 
which are C.05 (5%) or greater are considered to be 
statistically significant. ` 

The results reported, are based on the findings in pa- 
tients with histologically confirmed carcinoma of the 
thyroid. When the biopsy or surgical treatment was per- 
formed prior to the patient being seen at the University of 
Iowa or North Carolina Memorial Hospitals, the sections 
of tissue excised were reviewed by one of the authors or 
pathologists at either hospital. 

In this study definitive surgical treatment of the pri- 
mary lesion in the thyroid is considered to be partial 
thyroidectoray, lobectomy, and near total thyroidectomy. 
Included in the partial thyroidectomy group of patients 
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are those treated by unilateral partial thyroidectomy and 
others treated by bilateral partial thyroidectomy. The 
lobectomy group of patients include those with a unilat- 
eral lobectomy, with or without resection of the isthmus, 
and those with partial resection of the contralateral lobe. 
Near total thyroidectomy involves total lobectomy on the 
sides of the lesion or the side of the larger lesion in the 
patients with both lobes involved. A subtotal intra- 
capsular lobectomy leaving 1-2 Gm. of thyroid tissue 
posteriorly in the area of the inferior cornu of the thyroid 
cartilage, is done on the contralateral side. The branches 
of the inferior thyroid artery on that side are ligated 
intracapsularly as they enter the thyroid rather than ligat- 
ing the trunk of the vessel extracapsularly. Included in 
this group of patients are a few who have had total 
extracapsular thyroidectomy. 

Excision of lymph nodes in the neck, is usually done 
only when there is gross or histologic evidence of spread 
of the neoplasm to the lymph nodes. A small number of 
patients were treated by “prophylactic” neck dissection. 
Radical neck dissection usually involves incontinuity re- 
section of the regional, jugular lymph nodes, the contents 
of the anterior-posterior cervical triangles, the internal 
jugular vein and the sternocleidomastoid muscle. A sec- 
ond group of patients are regarded as having partial neck 
dissections. This group includes a few patients who have 
only a few lymph nodes involved by tumor excised, a 
“berry picking” procedure. It also includes patients who 
have had excision of nodes along the jugular vein and 
sometimes in the anterior cervical triangle. An incon- 
tinuity or en bloc resection is not done. The internal jugu- 
lar and the sternocleidomastoid muscle are preserved. In 
Table 1 are recorded the numbers of each operative pro- 
cedure done as the primary treatment for 397 patients 
with well differentiated thyroid carcinoma. In 30 patients, 
because of advanced disease, only a biopsy was done. 

Most of the operative procedures were done by the at- 
tending and resident staff of the University of Iowa and 
North Carolina Memorial Hospitals. By personal contact, 
telephone and correspondence, detailed information is 
obtained concerning the operative procedure, operative 
and pathological findings in patients treated elsewhere. 

In studying the effects of surgical therapy on survival 
in thyroid carcinoma, it is important to first consider other 
factors which relate to the biological behavior of these 
neoplasms and therefore, the clinical course and prognosis 
of the disease, As already suggested thyroid carcinoma 
is not one neoplasm but several which differ importantly 
with regard to their clinical course and prognosis. Because 
of similarities in their biologic behavior, it is practical to 
classify thyroid carcinomas as either well or poorly dif- 


ferentiated, on the basis of the histopathology. The well 


differentiated carcinomas consist of lesions which have a 
predominantly papillary or follicular histopathologic pat- 
tern or an equal mixture of papillary and follicular char- 
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Fic. 1. Well differentiated thyroid carcinoma survival curves. 


acteristics. If sufficient numbers of sections of tissue art 
examined from the primary and metastatic lesions of wel 
differentiated carcinomas, almost always both papillar 
and follicular patterns will be found. In Figure 1 ar 
shown the survival curves for 172 patients with predomi 
nantly papillary type, 185 with predominantly follicula 
lesions and 31 patients who had an equal admixture o 
papillary and follicular patterns. The survival curve o 
the normal population of a mean age of 45 years, th 
mean age of patients with well differentiated thyroi 
carcinoma, is shown. This and other survival curves fo 
the normal population were computed from an Inter 
polation of the Abridged Life Tables.!° The difference 
between the survival curves for patients with papillary 
follicular and papillary follicular lesions are not statisti 
cally significant at any survival interval. These group 
have been combined in subsequent analyses of the data. 

In Figure 2 are shown the survival curves of 108 pa 
tients with poorly differentiated (PD) thyroid carci 
nomas. Also shown is the life expectancy of the norme 
population of the same mean age, 58 years, as the patient 
with poorly differentiated lesions. The survival of pe 
tients with anaplastic (A) lesions differ significantly fror 
those with small cell (SC) and medullary (M) nec 
plasms, 


ASC and M 5 yrs. (P.001) 10 yrs. (P.01) 


None of the patients with anaplastic lesions subjected t 
the risk of dying for 10 years, survived. The survival c 
patients with poorly differentiated carcinomas differ sig 
nificantly from that of patients with well differentiate 
(WD) lesions. 


PD:WD 5 yrs. (P.001) 10 yrs. (P.01) 15 yrs. (P.01 
20 yrs. (P.05) 
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I 
TABLE 1. Numbers and Percentages of Operations Performed upon 397 Patients with Well Differentialed Thyroid Carcinoma, 
Before 1955 After 1954 Totals 
Operations # 9t # % # % 
Partial Thyroidectomy ! 
No Neck Dissection 30 ‘ 23.8 34 12.4 64 16.1 
Partial Neck Dissection 2 | 1.6 7 2.6 9 2.3 
Radical Neck Dissection 274 1.6 1 E 3 .8 
Lobectomy | 
No Neck Dissection 34 | 21.0 66 24.4 100 25.1 
Partial Neck Dissection 2 ! 1.6 8 3.0 10 2.5 
Radical Neck Dissection: 10 o; 8.0 11 4.1 21 5.3 
Near Total Thyroidectomy 
No Neck Dissection 16 i 12.6 §5 20.3 71 17.9 
Partial Neck Dissection 1 i 8 18 6.6 19 4.8 
Radical Neck Dissection 14 Í 11.1 56 20.7 70 17.6 
Biopsy 15 5 11.9 15 5.5 30 7.6 
Total 126 100.0 271 100.0 397 100.0 





The data recorded in Figure 2 suggest that patients with 
small cell and medullary carcinoma who survive 10 years, 
then have a normal life expectancy. More patients with 
these lesions must be followed for more than 10 years to 
determine if this is true. The results of treatment and 
other findings in these 108 patients with poorly differ- 
entiated carcinomas will not be reported in this com- 
munication. 

Extent of disease or stage of the neoplasm at the time of 
diagnosis, is determined on the basis of the clinical, opera- 
tive, gross and microscopic pathologic findings. Stage I 
lesions are those in which the neoplasm is limited to the 
thyroid gland; Stage II, there is lymph node spread, and; 
Stage III, there is distant spread to bone, lung, and/or 
other structures. In Figure 3, note that the survival curves 
of patients with well differentiated lesions with Stage I 
and II disease, are similar until 10 years. The} apparent 
differences after 10 years, not statistically significant, sug- 





i 
‘ 
1 
i 
1 


mms Normal Curve 
ermim Small Cell 


100 








wamm Medulary 
mae Anaplastic 
7 t S 
M N 
rj 
» 
Fol Š 
3 
[7] 
E 7e. 
a. 40 "e. Misa" 
% 
" "immi na mimimimimimum 21(1) 
" ATMO CIOL LLL B CL) 





0 2 4 6 8 
Years Survived 


10 12 14 16 


Fic. 2. Poorly differentiated thyroid carcinoma survival curves. 





gest better survival of patients with Stage II lesions. Note 
the relatively poor survival of patients with Stage III dis- 
ease which difers significantly from that noted in patients 
with Stage I and II disease. 


Stage I: Stage ITI 5 yrs. (P.001) 10 yrs. (P.001) 
15 yrs. (P.001) 


Stage II: Stag» III 5 yrs. (P.001) 10 yrs. (P.001) 
15 yrs. (P.001) 


In Figure 4 are the survival curves of patients with Stage 
I carcinoma with primary lesions less than 2.5 cm., 2.5 to 
4.0 cm. and greater than 4 cm. in diameter. Lesions larger 
than 40 cm. in diameter are associated with poorer 
survivorship than those with smaller primary lesions. 
The data recorded in Figure 5 indicate the important 
role that age and sex play in the prognosis of well dif- 
ferentiated thyroid carcinoma. The survival of women 
younger than 40 years at the time of diagnosis, agrees 
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closely with the life expectancy of the normal population 
of the same mean age, 25 years, as the patients. This sur- 
vival curve is much better than that of women more than 
39 years old at the time of diagnosis, differing significantly 
from it. 


«40:739 women 5 yrs. (P.001) 10 yrs. (P.001) 
15 yrs. (P.001) 20 yrs. (P.001) 


Men less than 40 years old at the time of diagnosis, have 
a poorer survival than women of the same age group. 
Significant differences in survival are found between men 
less than 40 years and more than 39 years old at the time 
of diagnosis. 


<40:> 39 men 65 yrs. (P.001) 10 yrs. (P.001) 
15 yrs. (P.001) 20 yrs. (P.01) 


Men older than 39 years at the time of diagnosis, have 
poorer survival than women of the same age. 


>39 men:> 39 women 10 yrs. (P.01) 


Note the striking difference in the survival of women and 
men in the older age group and the survival expectancy 
of the normal population of the same mean age, 55 years. 


Results of Surgical Treatment 


Only the survival curves of groups of 15 patients and 
larger will be reported. It is not worthwhile to compare 
the survival of smaller groups of patients. As will be noted, 
differences in survival of patient groups of this size are 
rarely large enough to be of statistical significance. This 
is because of the inverse relationship between the number 
of patients in the group and the size of the standard error. 
The reason for the apparent numerical discrepancies in 
the results, is that groups of patients less than 15 in num- 
ber are not reported. In some analyses all the patients 
are not included, for example, Figure 1. 

The survival curves of patients treated with partial 
thyroidectomy (PT), lobectomy (L), near total thy- 
roidectomy (NTT), partial neck dissection (PND), and 
radical neck dissection (RND) are shown in Figure 6. 
The findings suggest that patients treated with radical 
neck dissection do the best and those treated with partial 
thyroidectomy, the worst. Patients treated by lobectomy 
appear to do better than those treated by near total 
thyroidectomy and those treated by partial neck dissec- 
tion. Some of the differences between the survival curves 
are statistically significant. 


PT:L 10 yrs. (P.05) 15 yrs. (P.01) 
PT:NTT 10 yrs. (P.05) 
PT:RND 10 yrs. (P.01) 15 yrs. (P.001) 


In Table 2 are recorded the number of patients in each of 
the treatment groups between which statistically sig- 
nificant differences exist, the survival rates of these groups 
of patients at 10, 15, and 20 years and the standard errors 


20 yrs. (P.05) 
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Fic. 4. Size of primary lesion survival curves. 


for each survival rate. The size of the standard errors ar 
determined by the number of patients who survive fo 
the indicated period of time. The statistical significanc 
of differences between survival rates is related to th 
size of the standard errors of the survival rates comparec 
No other tables of survival rates and standard errors ar 
reported. 

Shown in Figure 7 are the survival curves of patien 
groups treated with lobectomy. Patients with Stage I 
disease, who also had a radical neck dissection, appear t 
do better than those with Stage I treated only by lobec 
tomy. 

In Figure 8 are shown the survival curves of patient 
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Fic. 6. Surgical treatment survival curves. 


treated by near total thyroidectomy. The survival curves 
of patients with Stage I. disease treated only by near total 
thyroidectomy, those with Stage II disease treated by 
near total thyroidectomy and partial neck dissection and 
those with Stage II disease treated by near total thy- 
roidectomy and radical neck dissection are similar for 5 
years. After 5 years the patients with Stage I disease 
treated only by near total thyroidectomy appear to have 
poorer survival than the other patient groups. Some of 
the differences are statistically significant. 


Stage I NTT-Stage II NTT with RND 
10 yrs. (P.05) 15 yrs. (P.05) 


The survival curves for patients treated by partial thy- 
roidectomy, lobectomy, near total thyroidectomy, partial 
neck dissection, and radical neck dissection with predomi- 
nantly papillary lesions are shown in Figure 9 and those 
with predominantly follicular lesions in Figure 10. Note 
the similarity of the survival curves for the five treatment 
groups of the patients with papillary lesions. In contrast, 
the findings for follicular carcinoma suggest a strikingly 
poorer survival of-patients treated with partial thyroidec- 
tomy. Some of the differences are statistically significant. 
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Fic. 7. Thyroid lobectomy survival curves. 


PT:L 10 yrs. (P.05) 15 yrs. (P.05) 20 yrs. (P.05) 
PT:NTT 10 yrs. (P.01) 15 yrs. (P.05) 
PT:END 10 yrs. (P.05) 


The findings also suggest that lobectomy is as effective as 
near total thyroidectomy. By adding radical neck dissec- 
tion to lobectomy or to near total thyroidectomy, the 
chance for survival of patients with follicular carcinoma 
appears to be improved. The findings suggest that partial 
neck dissection is less effective in this group of patients 
than radical neck dissection. 

In Figure 11 the survival curves of patients with Stage I 
disease, no extension of disease beyond the thyroid gland, 
treated with partial thyroidectomy, lobectomy and near 
total thyroidectomy are shown. The curves are similar un- 
til 10 years after which time, the patients treated by 
lobectomv appear to do better than patients treated by 
partial thvroidectomy and near total thyroidectomy. 

In Figure 12 are shown the survival curves of women 
treated by partial thyroidectomy, lobectomy, near total 
thyroidectomy, partial neck dissection and radical neck 
dissectior. The findings suggest that women treated with 
partial thyraidectomy do the worst and those treated by 
lobectomy end radical neck dissection the best. The 


'TABLE 2. Survival Rates and Standard Errors (s.e.) for Partial Thyroidectomy, Lobeztomy, Near Total Thyroideciomy and Radical Neck 
Dissection Patient Groups at 10, 15, and 20 years. 














Ten-year Fif teen-year Twenty-year 
Patients : - 
Group No. Rate Rate s.e. Rate s.e. 
Partial Thyroidectomy 68 63.6% 6.3% 45.0% 6.9% 35.6% 7.0% 
Lobectomy 99 79.2% 4.6% 72.1% 5.6% 65.0% 8.1% 
Near Total Thyroidectomy 144 89.0% 4.2% 69.5% 6.0% 51.5% 9.1% 
Radical Neck Dissection 85 83.6% 4.2% 73.4% 5.3% 71.5% 
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Fic. 8. Near total thyroidectomy survival curves. 


largest group, women treated with near total thyroidec- 
tomy, have a survival curve which falls between those 
treated by lobectomy and partial thyroidectomy. Some of 
the differences are statistically significant. 


PTL 
PT:NTT 
NTT:END 10 yrs. (P.05) 15 yrs. (P.05) 


In Figure 13 note the survival curves of men treated with 
partial thyroidectomy, lobectomy, near total thyroidec- 
tomy and radical neck dissection. The most interesting 
findings are the better survival at 10 and 15 years of 
patients treated with near total thyroidectomy and radical 
neck dissection. 

Analysis of the results of treatment in patients younger 
than 40 years old at the time of diagnosis, reveals similar 
survival curves for all treatment groups, none of which 
differ significantly from the expected survival of the nor- 
mal population. In Figure 14 are shown the survival 
curves of patients more than 39 years old at the time of 
diagnosis, treated by partial thyroidectomy, lobectomy, 
near total thyroidectomy, and radical neck dissection. 
The curves begin to diverge at 10 years survival. The 
findings after 10 years suggest that lobectomy is the most 
and partial thyroidectomy the least effective method of 
treatment in this patient group. 

In Figure 15 are shown the survival curves of patients 
in whom the diagnosis was established before 1955 and 
those in whom the diagnosis was established after 1954. 
Note the difference in survival of the two groups of pa- 
tients, the magnitude of which seems to be related to the 
duration of survival. At 5 and 10 years the differences be- 
tween the survival curves have statistical significance. 


Before 1955: after 1054 5 yrs. (P.05) 10 yrs. (P.05) 


10 yrs. (P.05) 15 yrs. (P.01) 
20 yrs. (P.05) 
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Fic. 9. Papillary carcinoma treatment survival curves. 


Another measure of the effectiveness of surgical treat 
ment, is the incidence and type of recurrent disease. T: 
Table 3 are recorded the numbers of patients who ha: 
residual neoplasm reported by the surgeon performin 
the operation. Also shown are the numbers and percent 
ages of patients in whom all neoplasm was considered t 
have been excised at the time of the operation who sut 
sequently developed recurrent neoplasm. The sites of re 
currence are indicated. Recurrence in lymph nodes an 
other sóft tissues in the neck are included in the “nec 
other” category. Note the high incidence of residual dis 
ease in patients treated with partial thyroidectomy an 
near total thyroidectomy. Observe the high incidence c 
recurrent disease in those treated by partial thyroidec 
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Fic. 10, Follicular carcinoma treatment survival curves. 
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Fic. 11. Stage I disease treatment survival curves. 


tomy compared with patients treated with other opera- 
tions.5 

In Table 4 are recorded the postoperative complica- 
tions observed in the nine treatment groups. In the first 
column of the table the number of patients developing 
one or more complications is indicated. Permanent hy- 
poparathyroidism is considered to exist when the patient 
continues to require replacement therapy 3 months after 
operation. Vocal cord paralysis is confirmed by laryngos- 
copy. Bilateral vocal cord paralysis was not observed. 
The indication for a temporary tracheostomy was paresis 
of both vocal cords secondary to reversible damage to 
the recurrent laryngeal nerves during the operation. 
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Fic. 12. Female treatment survival curves. 
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Fic. 13. Male treatment survival curves. 


Sometimes this was done in patients requiring excision of 
neoplasm invading the trachea. Permanent tracheostomy 
was done in patients with tracheal invasion by the neo- 
plasm who received postoperative irradiation. The other 
complications included postoperative bleeding, wound 
infection, cardiovascular, cerebrovascular, pulmonary, 
renal and metabolic, Hypothyroidism, observed rarely 
since most patients are started on suppressive or replace- 
ment treatment immediately after operation, is not re- 
garded as a complication. The four deaths occurred in pa- 
tients with Stage III disease with extensive involvement 
of the soft tissues in the neck. One patient, operated upon 
in 1935, died as a result of postoperative hemorrhage 
and shock. The other three deaths occurring during the 
immediate postoperative period resulted from erosion of 
major vessels in the neck, esophagus and/or the trachea. 


Discussion 


The findings of this study indicate that incomplete ex- 
cision of the lobe containing the primary lesion, partial 
thyroidectomy, is inadequate treatment of well differ- 
entiated thyroid carcinoma, which is limited to the thy- 
roid gland cr has extended to involve lymph nodes. This 
is probably due to the failure to excise microscopic spread 
or other primary foci of carcinoma. Additional evidence 
of the inadequacy of this operation is provided by the 
relatively high recurrence rate following partial thy- 
roidectomy, Table 3. Recurrent disease developed in 
29.3% of all the patients treated by partial thyroidectomy 
in whom all neoplasm was considered to be excised. 

Relevant to this question is the finding that 25% of 
patients treated by partial thyroidectomy only, had resid- 
ual disease at the end of the operation. This means that 
partial thyroidectomy has been used for patients with 
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advanced disease. This was more often done in the past 
than now. Partial thyroidectomy was used in 27% of the 
patients diagnosed prior to 1955 compared with 15% since 
January Ist, 1955. Relatively more advanced disease at 
the time of diagnosis and a less aggressive surgical atti- 
tude are the best explanations for this finding. 

Lobectomy seems to be as effective as near total thy- 
roidectomy in treating the primary lesion. The findings 
reported consistently show somewhat better survival for 
patients treated with lobectomy alone and combined with 
neck dissection than for patients treated by near total 
thyroidectomy alone and with neck dissection. These bet- 
ter results with lobectomy are probably related to case 
selection. Lobectomy is generally done for earlier less 
extensive disease. This contention is supported by several 
findings. The average size of the primary lesion was 
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larger when near total thyroidectomy was used. In 33: 
of the patients treated by near total thyroidectomy botl 
lobes were involved by neoplasm. The survival of thes 
55 patients which does not differ from that of the 105 pa 
tients with the lesion limited to one lobe treated by nea 
total thyroidectomy indicates the effectiveness of nea 
total thyroidectomy. Either a partial neck dissection o 
radical neck dissection was done with lobectomy in 31 
of the patients whereas 55% of the patients treated b 
near total thyroidectomy also had a partial or radica 
neck dissection. 

The finding of the lowest recurrence rate in patient 
treated by lobectomy, supports the use of this operatior 
The relatively high incidence of recurrence with nea 
total thyroidectomy, is related to the selection of mor 
advanced disease for this operation. Of all the patient 


TABLE 3. Numbers and Percentages of Patients by Operation with Residual Disease and with Postoperative Recurrent Disease. The Percentazes ¢ 
Recurrence Are Computed on the Basis of the Number of Patients in Each Treatment Group Who were Considered to Have All Neoplasm Excise 








Location of Recurrence 





Residual Recurrent 
Disease Disease Other 
Thyroid Trachea Other Neck Lung Bone Metastases 
Operations t % t P + 9 % t % E h E 9 # % 
Partial Thyroidectomy 
No Neck Dissection (64) 16 25.0 13 25.7 9 18.8 6 12.5 5 10.4 7 14.6 3 6.3 1 2.1 
Partial Neck Dissection ( 9) 1 11.1 4 500 3 37.5 0 0 2 25.0 2 25.0 0 0 1 12.5 
Radical Neck Dissection ( 3) 1 33.3 0 — 0 0 0 0 0 0 0 0 0 0 0 C 
Lobectomy 
No Neck Dissection (100) 5 5.0 14 14.7 8 8.4 0 0 13 13.7 1 1.1 2 2.1 2 2.1 
Partial Neck Dissection (10) 1 1.0 1 11.1 0 0 0 0 1 1.1 0 0 0 0 0 C 
Radical Neck Dissection ( 21) 1 4.8 3 15.0 1 5.0 0 0 2 10.0 2 100 1 5.0 1 5.€ 
Near Total Thyroidectomy 7 
No Neck Dissection (71) 21 29.5 10 20.0 2 4.0 1 2.0 7 14.0 1 2.0 2 4.0 2 4.C 
Partial Neck Dissection ( 19) 5 26.3 0 —- 0 0 0 0 0 0 0 0 0 0 0 C 
Radical Neck Dissection ( 70) 8 20.8 9 14.5 1 1.6 0 0 9 14.5 1 1.6 0 0 1 L.¢ 
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treated by lobectomy, 6.8% developed recurrence in the 
remaining lobe. This finding suggests multiple unrecog- 
nized foci of carcinoma or contralateral lobe extension 
of the primary lesion. It provides some support for using 
near total thyroidectomy in treating all well differentiated 
thyroid carcinoma. However, 1.8% of patients treated by 
near total thyroidectomy were reported to develop recur- 
rent disease in the thyroid remnant. Since it is not always 
possible to determine whether the recurrence is in re- 
maining thyroid or in adjacent tissues, some of the recur- 
rences in the thyroid were probably extra thyroidal. 

In general the survival of patients treated with radical 
neck dissection combined with either lobectomy or near 
total thyroidectomy was better than that of patients 
treated with partial neck dissection and either lobectomy 


or near total thyroidectomy. The probability that radical’ 


neck -dissection was more often used in patients with 
more extensive lymph node involvement than partial neck 
dissection, lends further support for the use of radical 
neck dissection. The strongest support for the use of radi- 
cal neck dissection is provided by the the findings in 
Figures 7 and 8 suggesting that by adding radical neck 
dissection to either lobectomy or near total thyroidec- 
tomy, the survival of patients with lymph nodes involved, 
Stage II disease becomes as good or better than that 
of patients without nodes involved, Stage I disease. This 
supports the use of “prophylactic” neck dissections in pa- 
tients with no evidence of lymph node involvement at 
the time of operation. Additional support for “prophy- 
lactic" neck dissection is provided by seven patients 
treated by partial neck dissection and nine treated by 
radical neck dissection with Stage I disease. All 16 pa- 
tients survive. The number of patients is small; only 2 
have been followed for 20 years. 

The surprisingly low recurrence rate in patients treated 
by partial neck dissection and either lobectomy or near 
total thyroidectomy is related to case selection. These pa- 
tients had less extensive disease than those treated with 
radical neck dissection. Frequently, nodes adjacent to 
the thyroid were examined by frozen section, to deter- 
mine if there was extra thyroidal extension of the neo- 
plasm. When there was obvious extra thyroidal extension 
or when nodes contained neoplasm, a radical neck dis- 
section was usually done. 

The findings shown in Figure 1, 9 and 10 suggest that 
follicular is a more aggressive type of well differentiated 
thyroid carcinoma than papillary. The results observed 
with the different operations which were used, suggest 
that more aggressive surgical therapy is indicated when 
the diagnosis is follicular carcinoma. Frozen sections 
done at operation are helpful in deciding which lesion is 
present and therefore which surgical procedure is in- 
dicated. 

Evidence has been presented that well differentiated 
thyroid carcinomas behave more aggressively, when the 
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diagnosis is made after the patient is 39 years old. Thi 
treatment findings suggest that a more aggressive surgi 
cal approach is indicated in this older age group cf pa 
tients, Conversely, when the patients are younger than 4 
years at diagnosis, a less aggressive approach is justified 
The survival curves of all treatment groups of the younge 
patients were similar to the survival expected im thi 
normal population. The data presented suggest tha 
well differentiated thyroid carcinoma is more aggressiv 
in men than in women and therefore radical neck dissec 
tion is more often warranted in men. 

Twenty-seven patients were treated with external ir 
radiation for a large thymus, hypertrophied lymphoit 
tissue or acne, prior to the diagnosis of thyroid carcinoma 
The survival curve of those patients is similar to that o 
all other patients with well differentiated thyroid carci 
noma. 

Several possibilities are suggested to explain th 
statistically significant better survival of patients treate: 
after 1954. Earlier diagnosis might be a factor. However 
this is not-supported by the findings. Of the patients diag 
nosed before 1955, 57% had Stage I and 28.5% Stage I 
disease at the time of diagnosis, compered with 52% 
Stage I and 37.5%, Stage II disease for patients after 195« 
Treatment was more ageressive in the patients diagnose: 
after 1954, Table 1. The survival findings shown in Fig 
ure 15 suggest it has also been more effective. Difference 
between the indications for the operations performe: 
upon patients seen at the University of Iowa and Nort 
Carolina Memorial Hospitals could contribute to the dil 
ferences in survival. Only nine of the 126 patients diag 
nosed before 1955 were seen at North Carolina Memorie 
Hospital. Comparison of percentages of patients treate 
after 1954, by partial thyroidectomy, lobectomy, tote 
thyroidectomy, partial neck dissection, radical neck di: 
section and those having only a biopsy, reveals clos 
agreement in the findings from the two hospitals. Ther 
is no evidence of important differences in the indication 
for, or the operations performed. Other factors whic 
probably have contributed to the differences betwee 
the survival of patients treated before 1955 and after 195 
include improved technical expertise, changes in the us 
of suppressive, radioactive iodine and external irradiatio 
adjunctive therapy. No deaths were caused, with th 
exception of the previously noted case occurring in 193% 
by the operative procedures. However, the substanti: 
postoperative morbidity observed was greater than the 
which has been attributed to these operations.9!* I 
selecting the proper operative procedure, in addition t 
survival and the rate of recurrence of the neoplasm, th 
complications associated with the procedure should b 
considered. 

In addition to comparable survivorship, the finding tha 
four times as many patients treated by near total thy 
roidectomy developed complications as patients treate 
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by lobectomy, Table 4, is a strong argument in'favor of 
lobectomy. Further support for lobectomy rather than 
near total thyroidectomy, is provided by the observation 
that 20% of patients treated by near total thyroidectomy 
developed either temporary or permanent hypoparathy- 
roidism. The incidence of postoperative hypoparathyroid- 
ism, caused by excision, trauma to the parathyroid glands 
and/or reduction in their blood supply, can be reduced 
by: (1) Preservation of 2-3 Gm. of thyroid tissue and 
the posterior capsule, and (2) by ligation of the branches 
of inferior thyroid artery intracapsularly, on ‘one side. 
Postoperative hypoparathyroidism was not observed in 
patients treated by lobectomy. The addition of radical 
neck dissection to near total thyroidectomy doubled the 
incidence of hypoparathyroidism. This increased inci- 
dence is probably related to more advanced disease 
treated more aggressively. 

The incidence of temporary or permanent vocal cord 
paralysis due to unintentional recurrent laryngeal nerve 
injury, about 20% with near total thyroidectomy com- 
pared with 5% with lobectomy, is further support for 
selection of lobectomy. It was more often necessary to 
divide the recurrent laryngeal nerve to excise neoplasm 
in patients treated by near total thyroidectomy than 
lobectomy. This is consistent with the other evidence 
suggesting that there has been selection of patients with 
more advanced disease for treatment with, near total 
thyroidectomy. Note that when radical neck dissection 
is added to lobectomy, the incidence of vocal cord paraly- 
sis becomes 19%. In comparison, the addition of radical 
neck dissection to near total thyroidectomy did not in- 
crease the incidence of recurrent laryngeal nerve damage. 

The previous study was based upon 247 patients with 
well differentiated carcinoma of the thyroid seen at the 
University of Iowa Hospital through 1967. Four years 
additional follow-up of these patients, the addition of 19 
new Iowa and 131 North Carolina patients ‘followed for 
as long as 19 years, has made the results of the current 
study more meaningful. 

Although the differences between the survival curves 
are still not statistically significant, they are greater than 
in the previous study suggesting that follicular has a 
poorer prognosis than papillary carcinoma. The analysis 
of the results of treatment now suggest that a more ag- 
gressive surgical attack is indicated in follicular than in 
papillary carcinoma, Figures 9 and 10. 

The findings of the earlier study suggesting the im- 
portance of age and sex to survival, are confirmed and 
have greater statistical significance in the current study. 
The equivocal evidence that partial thyroidectomy is 
inadequate treatment reported in 1969, is now much 
stronger, as indicated by statistically significant differ- 
ences in survival rates. The finding that patients treated 
by lobectomy in general appear to have better survivor- 
ship than those treated by near total thyroidectomy, with 
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and without neck dissection, differ from the results of the 
earlier study suggesting the reverse. At this time the 
groups of patients treated by lobectomy and near tota: 
thyroidectomy with and without neck dissection are toc 
small to determine if neck dissection should be done ir 
Stage I disease. 

The results of the earlier study suggested that radica) 
neck dissection is associated with better survival. The 
current findings are more conclusive suggesting that 
radical neck dissection done in patients with Stage II 
disease results in survival as good or better than that 
observed in patients with Stage I disease treated by 
lobectomy or near total Uiyroldectomy without radical 
neck dissection. 

The comparison of the findings of the earlier and cur- 
rent study, underlines the importance of continuing this 
retrospective study of results of treatment of thyroid 
carcinoma. This is emphasized by the impractibility of 
establishing a prospective randomized study. With the 
passage of time and the continuing follow-up of all 
surviving pazients, the survival data becomes more signifi- 
cant, With more survival information and the addition of 
new cases, it becomes feasible to examine the results in 
more homozeneous groups of patients. This makes it 
possible to 2valuate more accurately the effect of treat- 
ment and variables such as age, sex, the size and char- 
acter of tke primary lesion. Few similar long term 
survivorship studies of thyroid carcinoma have been 
reported.? 


Conclusions and Summary 


The operations used to treat 397 patients with well 
differentiated thyroid carcinoma, included in an ongoing 
study of tayroid carcinomas, have been reported. Evi- 
dence has been presented of the important relationship 
of the: histologic type of the lesion, extent or stage of 
disease, age and sex of the patient at the time of treat- 
ment to tke prognosis. The incidence and kind of recur- 
rent disease and postoperative complications have been 
investigated. Differences between the survival rates of 
patients treated with partial thyroidectomy, lobectomy, 
near total thyroidectomy, partial neck and radical neck 
dissection have been examined for statistical significance 
and are reported. Because of the natural history of well 
differentiated thyroid carcinomas, the results of treatment 
do not become apparent until after 10 years. 

The fcllowing recommendations for the selection of 
the surgizal procedure to use in treating well differenti- 
ated thyroid carcinoma are based upon the incidence of 
recurrent disease, the operative morbidity observed and 
the survival findings: 


l. Partial excision of the lobe containing the primary 
lesion is in an inadequate operation. 
2. Lobectomy, including excision of the isthmus, is 


Vol. 176 * No. 4 


the treatment of choice for a lesion limited to one 
lobe. 

3. Near total thyroidectomy is indicated when there 
is evidence that both lobes are involved. This opera- 
tion should not be used in the absence of evidence 
of bilobal involvement because of the relatively 
high complication rate and because lobectomy yields 
comparable survival rates in these patients. 

4. En bloc neck dissection which includes the internal 
jugular vein, should be added to lobectomy or near 
total thyroid when there is extension to regional 
lymph nodes. The findings do not indicate that the 
sternocleidomastoid muscle need be excised. 

' B. Patients with follicular lesions, those older than 39, 
and men have more aggressive lesions and there- 
fore more often require near total thyroidectomy and 
en bloc neck dissection. 


Acknowledgment 


The authors wish to acknowledge the contributions of Judith 
Owen, Catherine Y. Kerr, Mary N. Nance, Gwynn Moore, Iris 
C; Powell and Gary F. Koch in collecting, coding, analyzing the 
data and preparing the manuscript. 


References 


1. American Joint Committee for Cancer Staging and End Re- 
sults Reporting: Reporting of Cancer Survival and End 
Results. Bethesda, Md., National Cancer Institute, 1963. 

2. Attie, J. N., Khafif; R. A. and Steckler, R. M.: Elective Neck 
Dissection in Papillary Carcinoma of the Thyroid. Am. 
J. Surg., 122:464, 1971. 


SURGICAL TREATMENT OF THYROID CARCINOMAS ` 


577 
3. Beahrs, O. H. and Pastemak, B. M.: Cancer of the Thyroid 
Gland. Current Problems in Surgery, December, 1969. 
4. Berkson, J. and Gage, R. P.: Calculation of Survival Rates for 
Cancer. Proc. Mayo Clin., 25:270, 1950. 

5. Block, M. A., Miller, J. M. and Horn, R. C.: Thyroid Car- 
cinoma with Cervical Lymph Node Metastasis. Am. J. Surg., 
122:458, 1971. 

6. Buckwalter, J. A.: Surgical Treatment of Thyroid Carcinoma. 
Arch. Surg., 98:579, 1969. 

7. Cutler, S. J, and Ederer, F.: Maximum Utilization of the Life 
Table Method in Analyzing Survival. J. Chron. Dis. 8: 

. 699, 1958. 

8. Freeman, G. C.: Complications of’Thyroid Surgery: Current 
Concepts of Prevention and Treatment. Surg. Clin. N. Am., 
70:409, 1970. 

9. Hutter, R. V.. P., Frazell L. and Foote, F. W.: Elective 
Radical Neck Dissection: An Assessment of Its Use in the 
Management of Papillary Thyroid Cancer. Cancer, 20:37, 
1970. 

10. Interpolated Abridged Life Tables. Public Health Servize, 
U. S. Department of Health, Education and Welfare. Un- 
published Data, 1968. 

11. Koch; G. G., Johnson, W. D. arid Tolley, H. D.: A Linear 
Models Approach to the Analysis of Survival and Extent 
of Disease in Multi-Dimensional Contingency Tables. J. 
Am. Stat. Assoc. (in press). 

12. Marchetta, F. C.,.Sako, K. and Matsuura, H.: Modified Neck 
Dissection for Carcinoma of the Thyroid Gland. Am. J. 
Surg., 120:452, 1970. 

13. McKenzie, A. D.: The Natural History of Thyroid Cancer. 
Arch. Surg., 102:274, 1971. f 

14. Thompson, N. W. and Harness, J. K.: Complications of Total 
Thyroidectomy for Carcinoma. Surg. Gynec. Obstet., 131: 
861, 1970. 

15. Wilson, S. M. and Block, G. E.: Carcinoma of the Thyroid 
Metastatic to Lymph Nodes of the Neck. Arch. Surg., 102: 
285, 1971. 





Discussion 


Mn. Guy Biacxsurn (London): I envy the speaker for his 
very great experience in this field, and I have enjoyed the 
analysis of his cases very much. Discussants of papers can fall 
into three categories. They can be geographical,’ if you like, or 
they cán come under some other headings, if you prefer it that 
way; these would be passionate, compassionate and dispassionate. 

I do feel that pathologies have made this subject very difficult. 
They have made it almost impossible, so that it falls into the 
"mystery wrapped in an enigma" category. If you, want to 
simplify, then all you have to do is to talk about two varieties 
of hold cancer; and that is the differentiated and the others. 

Our results are not as good in anaplastic thyroid cancer, When 
we speak of the differentiated thyroid cancer, then I think that 
we owe a great deal of radioiodine. I think that the improvement 
in results in the last— certainly speaking for our own cases— 
is very largely due to the work of Pochin and others. They have 
shown, first of all, that differentiated thyroid cancer will take 
up radioiodine after thyroid ablation, perhaps with TSH to 


_ enhance it, in 85% of patients. 


If that is so, then I believe that the artificial classification into 
papillary and follicular is no longer required, excluding the 
interesting medullary cancers that are a small and very attractive 
little group all on their own. 

To come back to the differentiated thyroid cancers, if you 
believe that this can be a multicentric growth, then it is illogical 
to do anything less than a total thyroidectomy. And the question 
is: How hold you do it? 


I am sure there are patients with lobectomy, perhaps witl 
removal of the isthmus, with a diagnosis of thyroid cancer, it 
whom nothing else is done and they have done all right. Bu 
logically, if one is going to put the patient on thyroxin replace 
ment therapy for life-—and we are—then the patient does no 
need any thyroid tissue. I believe that the safest way—certainly 
in my hands—is that the thyroid should be ablated by a combi 
nation of surgical treatment and radioiodine; in other words, ky 
surgical subtotal thyroidectomy and radioiodine ablation of thi 
remnants, 

Once the remnants have been ablated, the appearance of me 
tastases can be judged in, nearly all the cases simply by isotopi 
studies, and therapy can follow. 

There is just one final word, and that relates to children— 
we have managed the children differently because I do no 
know, and I am not at all sure that any of us know, how t 
define an adolescent in 1972. But adolescents get this disease 
and I am not advocating rad:oiodine ablation in adolescents. 

You might say: Well, that is very illogical. Why not? 

Well, there is, of ccurse, e recorded incidence of leukemi: 
in radioiodine treated patients; but I believe it has been—I an 
only quoting Pochin again—in those patients who have hat 
ablation doses and subsequent therapeutic doses for metastati: 
disease. 

I would merely say that we would be prepared in the majorit 
of instances to ablate the thyroid by subtotal thyroidectomy anc 
radioiodine ablation of the remnants, and then carry on with 
radioiodine therapy after that. i 
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If I commented on block dissection, I would break one of 
the rules that I have already formulated. 


Dr. Jonn Rosson Brooks (Boston): I think things have 
not changed a great deal and there are still confusions about 
this subject, particularly, differences of opinion. 

In 1962 we completed a retrospective study of the solitary 
thyroid nodule at the Brigham, and based on these findings, we 
then undertook a prospective plan of management. We focused 
attention pu on the solitary, cold nodule in wcmen below 
tlie age of 40 and in all men, a group that we felt would give us 
the largest yield of malignancy. 

Our plan was to remove all solitary, cold nodules in men and 
in these young women if the nodule persisted despite thyroid 
extract therapy; and based on our previous study, it was our 
belief that we would find the highest incidence of malignancy 
in these groups, and such has been the case. ; 

[Slide] It was apparent that the incidence of adenoma and 
' the incidence of papillary and follicular carcinoma has risen in 
the second series of cases— we think, as a result of our case 
selection for operation. In the first group we had 503 cases. The 
adenomas came out to be 26%, and the carcinomas were 9$, 
and there were many adenomatous goiters, cystic disease, benign 
disease, which we would perhaps nowadays riot operáte upon. 

This amorphous benign group dropped down to 42% in the 
second 8-year period from 1963 on, and the percentage of carci- 
nomas of all kinds—that is papillary, follicular, and anáplastic-— 
went up to 20%, primarily because we have been dealing with 
a specially selected group in which we would expect to find a 
higher incidence of malignancy. There were more adenomas also. 

We are encountering more carcinomas and adenamas because 
we are selecting them, I think, a good deal more carefully. . 

Our operations have not been radical They have not been 
as radical as Dr. Buckwalter's. For papillary and follicular tumors 
we perform complete lobectomy on the affected side, removal 
of the isthmus, and then a partial contralateral lobectomy. Obvious 
lymph nodes ín the area are removed if encountered, but a radical 
vin dissection is not done. A patient with extensive follicular 
carcinoma receives postoperative radiation. 

Of great interest here is the discrepancy between our results 
with papillary tumors and yours, because to date, although we 
have not followed our cases as long as you have, we still have 
not seen a death from pure papillary carcinoma of the thyroid. 
Follicular, yes; and obviously, anaplastic disease produces a high 
degree of mortality. . 

Is this mortality difference due to a different histological 
interpretation of what the tumor tissue is (papillary vs. follicular)? 
Is it because they have followed the cases [ei Is it because 
our study deals with the last 15 years; which Dr. Buckwalter 
points out may be a more benign period of time? Or is it, perhaps, 
because we are adding radiation therapy in certain of the pap- 
illary tumor cases? 


Dr. J&noMx J. DeCosse (Milwaukee): Recommendations about 
the management of thyroid cancer have not always included 
the considerations brought forth by Dr. Buckwalter today. His 
comments about age, sex and their relationship to outlook are 
quite relevant. 

His comments about the need for a long duration of follow-up 
and differences that he has demonstrated in relationship to 
various kinds of treatment are most pertinent, because it is 
apparent that if you examine his — figures in terms o£ over 
5 to 10 years, you can not discriminate between different forms 
of management. His results are a lesson to us bout the need for 
long follow-up in patients with carcinoma of the thyroid, before 
survival can be a determinant of various modalities of treatment. 

He has commented on histologic types of thyroid cancer. It 
would appear that the likelihood of radioiodine pickup is a 
function of the follicular component of the tumor; that there 
may be very few, if any, pure papillary tumors; that tumors 
that are labeled as papillary carcinoma contain a component of 
follicular cells; and, that there is a very distinct difference be- 
tween uptake in a metastasis and a likelihood of therapeutic 
response to radioiodine. : 
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I would like to ask if Dr. Buckwalter would consider a total 
thyroidectomy for patients with pure follicular carcinoma, in 
contrast to his recommendations for the larger group of patients 
that are labeled as well-differentiated tumors. 

A decade ago, Dr. Tollefsen and I examined patients with 

apillary carcinoma of the thyroid at Memorial Center in New 
York. [Slide] Our results closely paralleled those of Dr. Buck- 
walter. Of particular interest was the local recurrence rate follow- 
ing total lobectomy and isthmusectomy in patients, these results 
paralleled the low recurrence rate reported by Dr. Buckwalter, 
and are divergent from reports of the high frequency of micro- 
scopic carcinoma present in the opposite lobe. 

I am not sure that these differences are due to different kinds 
of patients. I do not believe there was any notable use of thyroid 
suppression in our patients, because they were treated prior to 
1962. There was an average follow-up of 10 years in this group 
of patients not quite as long as Dr. Buckwalter's follow-up group. 

Probablv, the difference is between the histologic observation 
of cancer and the biologic characteristics of thyroid cancer. In 
terms of the long duration of follow-up presented by Dr. Buck- 
walter, it would seem that total lobectomy and isthmusectomy 
for a one-sided lesion is ample therapy for papillary carcinoma. 


Dr. Ricmanp E. WirsoN (Boston): I just wish to ask a brief 
question. 

TSH and its effect on residual thyroid tumor cells in these 
most favorable groups; has been postulated to be, at least, in 
some way responsible for the recrudescent activity. Could it be 
possible that there is a difference in thyroid suppressive therapy 
in your two groups of patients—that is, the earlier treated, and 
the more recent treated— that might differentiate and show 
more effective TSH suppression in the last 15 years, as compared 
to possibly more sporadic thyroid suppression in those eaxlier 
patients? 


Dr. Josepx A. BuckwarrEn (Closing): As reported, removing 
all the thyroid gland by surgical excision results in à. substantial 
incidence of hypoparathyroidism and recurrent nerve damage. As 
suggested by Mr. Blackburn, subtotal thyroidectomy followed by 
ablation of remaining thyroid with radioactive iodine, will reduce 
the incidence of these complications. 1f the primary lesion is com- 
pletely excised, this method of management may yield comparable 
survival. 

Our experience suggests as indicated. by the data presented, 
that the patient with well differentiated thyroid carcinoma limited 
to one lobe is adequately treated by lobectomy. Should a patient 
with follicular carcinoma be treated by total thyroidectomy? Only, 
if there is bilobal involvement. If there is lymph node extension 
of the neoplasm, an en bloc lymph node dissection should also 
be done. ; 

Differences in the suppressive therapy used before and after 
1955, may provide a partial explanation for the better survival 
of patients diagnosed after 1954. Some patients included in this 
study were diagnosed before 1940. During the past 40 years 
there have been subtle as well as obvious changes in our concept 
of thyroid carcinoma and its management, which could influence 
survival. ; 

In closing, I suggest there is a continuing need for long-term 
ongoing studies of survival of patients with thyroid carcinoma. 
Four years ago the.expérience with 247 patients with well- 
differentiated carcinoma at the University of Iowa Hospitals was 
reviewed. Since then 19 new patients from the University of Iowa 
and 131 patients from North' Carolina Memorial Hospital have 
been added to the thyroid carcinoma registry. Just as important 
as the new cases, is the additional follow-up of surviving patients. 
Comparison of the findings of the 1968 and current studies to 
which I have already alluded, provide strong evidence of the 
value of "ongoing" retrospective studies in arriving at a more 
rational basis for treating well differentiated thyroid carcinoma. 
Because this is a rare neoplasm, 1% of all malignancies, with a 
slow progressive course requiring very long follow-up, a random- 
ized, prospective study is not feasible. 
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last page number should be omitted, viz: author's 
name, title of article, name of journal, volume 
number, first page number, and year of publica- 
tion in the order named. 


PUBLISHERS NOTICES 


CHANGE or Appress: Please allow 60 days be- 
fore date of issue for change of address. Notifica- 
tion should include the old as well as the new 
address, with indication of whether the change is 
temporary or permanent. Please give the name of 
the journal. 


Copies will not be replaced without charge 
unless we receive a request within 60 days of the 
mailing in the U. S. or within 90 days in all other 
countries. 


BUSINESS ADDRESS: Subscriptions, reprints, ad- 
vertising, and all business communications should 
be addressed to: 


ANNALS OF SURGERY 
J. B. Lippincott Co. 
East Washington Square 
Philadelphia, Pa. 19105 


Published Monthly. Subscription Rates $20.00 
per year in the U. S., its possessions and Canada. 
All other countries $23.00. All prices include post- 
age. Single issues $3.00. Rate for Residents, U. S. 
only, $14.00. 


The publishers accept no responsibility for 
opinions expressed by contributors. 
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A Dulcolax suppository 
can do anything an enema can— 
except scare people. 


Just one suppository usually assures a predictable 
bowel movement in 15 minutes to an hour. Gone are the tubing, the 
“accidents,” and the bruised egos associated with enemas. 

For preoperative preparation, the combination of 
tablets at night and a suppository the next morning usually cleans the 
bowel thoroughly. Suppositories may also be particularly helpful when 
straining should be avoided, as in postoperative care. 

As with any laxative, abdominal cramps are occasion- 
ally noted. Dulcolax is contraindicated inthe acute surgical abdomen. 


Dulcolax"..the cure for enemaphobia 


bisacodyl NF 


Under license from Boehrínger Ingelheim G.m.b.H. GEIGY Pharmaceuticals, Division of CIBA-GEIGY Corporation, Ardsley, New York 10502 


v 
our “There should be a law against 
four-hour procedures...and patients who are 


World 60 pounds overweight...but her vital signs 
are steady, so she should be all right? 








Part of " 
Your World 


before surgery 


calms rapidly; quickly readies patients for 
smooth induction of anesthesia 


gently allays anxiety to permit sound sleep 
the night before surgery 


physically compatible with most preanesthetic 
medications 


narcotic requirements are often reduced 
up to 50 per cent 


during surgery 


seldom impairs vital signs—respiratory 
depression and hypotension are rare 


not known to aggravate or 
obscure incipient shock 


does not cause CNS cortical depression 


after surgery 


effectively controls postoperative nausea 
and vomiting 


sedative hangover is not characteristic, although 
occasional drowsiness has been reported 


oral forms available for postoperative care, 
during recovery in hospital, and at home 


Gm» LABORATORIES DIVISION 
PFIZER INC., NEW YORK, N Y. 10017 


Please tum page for Brief Summary including adverse 
reactions, contraindications and precautions 


14A 





Vistaril 


HYDROXYZINE HCI 


Intramuscular Solution 


the most widely used 
parenteral calming agent 


BRIEF SUMMARY 
Contraindications: Hypersensitivity to hydroxyzine. The 
solution for intramuscular use must not be injected sub- 
cutaneously, intra-arterially, or intravenously. 
Hydroxyzine, when administered to the pregnant 
mouse, rat, and rabbit induced fetal abnormalities in 
the rat at doses substantially above the human thera- 
peutic range. Clinical data in human beings are in- 
adequate. Until adequate data are available to 
establish safety in early pregnancy, hydroxyzine is con- 
traindicated during this period. 
Precautions: HYDROXYZINE MAY POTENTIATE THE ACTION 
OF CENTRAL NERVOUS SYSTEM DEPRESSANTS SUCH AS 
NARCOTICS AND BARBITURATES. In conjunctive use, 
dosage for these drugs should be decreased as much 
as 50%. Because drowsiness may occur, patients should 
be cautioned against driving a car or operating dan- 
gerous machinery. The usual precautions for intramus- 
cular injection should be followed; soft-tissue reactions 
have rarely been reported when proper technique has 
been used. Hydroxyzine intramuscular solution should 
be injected well within the body of a relatively large 
muscle. In adults, the preferred sites are the upper outer 
quadrant of the buttock (i.e., gluteus maximus), or the 
mid-lateral thigh. In children, preferably the mid-lateral 
muscle of the thigh. In infants and small children, the 
upper outer quadrant of the gluteal region should only 
be used when necessary, as in burn patients, in order 


to minimize the possibility of damage to the sciatic 
nerve. The deltoid area should be used only if well 
developed, such as in certain adults and older 
children, and only with caution to avoid radial nerve 
injury. Injections should not be made in the lower and 
middle thirds of the upper arm. Aspiration is neces- 
sary to help avoid intravascular injection. 
Adverse Reactions: Drowsiness may occur; if so, it is 
usually transitory and may disappear in a few days of 
continued therapy or upon dosage reduction. Dryness 
of the mouth may occur with higher doses. Involuntary 
motor activity, including rare instances of tremor and 
convulsions, has been reported, usually with higher 
than recommended dosage. 
Supply: Vistaril (hydroxyzine pamoate) Capsules: 
Equivalent to 25 mg., 50 mg., 100 mg. hydroxyzine HCl. 
Vistaril (hydroxyzine pamoate) Oral Suspension: Equiv- 
alent to 25 mg. hydroxyzine HCI per 5 cc. teaspoonful. 
Vistaril (hydroxyzine HCl) Intramuscular Solution: 
25 mg./cc.—10 cc. vial; 50 mg./cc.—2 cc. and 10 cc. 
vial; Isoject® 25 and 50 mg. per cc., 1 cc. per unit; 100 
mg./2 cc. unit. 

More detailed professional intormation available on 
request. 





Revised January, 1970 


Gm» LABORATORIES DIVISION 
PFIZER INC.. NEW YORK, N.Y. 10017 
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Keflex 


cephalexin monohydrate 


now cosis 
less 





“feephalexin monohydrate 
equivalent to 250 mg. cephalexin) 


*On the basis of price reduction by A 

Eli Lilly and Company to distributors. Lilly 
Reductions vary by dosage form. Reductions zoare 
on ldenti-Dose" (unit dose medication, Lilly) Additional information available to the profession on request. 
packages are 13%-14%. Eli Lilly and Company * Indianapolis, Indiana 46206 





Additionally Injectable Valium (diazepam) can 


InjectableValium benefits 


(diazepam) 








can be relieved with 10 mg of Injectable Valium (diazepam) L.M. 





Injectable Valium (diazepam) is a useful 
premedicant for reducing undue anxiety. 
Recall of preoperative procedures is markedly 
diminished. When given in conjunction with 
narcotics, a reduction of narcotic dosage should 
be considered. (See prescribing information.) 
Injectable Valium should not be mixed with 
other drugs, solutions, or fluids. The new 10-mg 
disposable syringe can help you observe this 
precaution at the same time it helps assure 
aseptic handling. Injectable Valium seldom 
significantly alters vital signs. Nevertheless, 
there have been infrequent reports of 
hypotension and rare reports of apnea and 
cardiac arrest, usually following I.V. 
administration. Resuscitative facilities should 
be available. 

To relieve excessive preoperative anxiety, 
remember Injectable Valium (5 mg/ml) 2-ml 
ampuls,10-ml vials, 2-ml Tel-E-Ject™ (disposable 
syringes). 


every step of the way. 


Please see the following page for a summary of product information. 


InjectableValium (diazepam) 


ready-to-use 24m] Tel-E-Ject (disposable syringes) 
jo-ml vials ; (5 mg/ml) 


2-ml ampuls 


Can ease undue preoperative tension and anxiety. 
Calming effect is usually prompt and pronounced. 


Induces satisfactory or light sleep, 


from which patient is easily aroused to follow instructions. 


Rarely produces significant changes in vital signs. 


Before prescribing, please con- 
ult complete product information, a 
ummary of which follows: 
Indications: Tension and anxiety 
tates; somatic complaints which are 
oncomitants of emotional factors; 
isychoneurotic states manifested by 
ension, anxiety, apprehension, fa- 
igue, depressive symptoms or agita- 
ion; symptomatic relief of acute 
igitation, tremor, delirium tremens 
ind hallucinosis due to acute alcohol 
vithdrawal; adjunctively in: relief of 
i«keletal muscle spasm due to reflex 
;pasm to local pathology; spasticity 
'aused by upper motor neuron dis- 
»rders; athetosis; stiff-man syn- 
jrome; tetanus; status epilepticus 
ind severe recurrent seizures; 
anxiety prior to gastroscopy, esoph- 
agoscopy, and surgical procedures; 
*ardioversion (I.V.). 
Contraindicated: In infants; in 
patients with known hypersensi- 
tivity to the drug; in acute narrow 
angle glaucoma; may be used in 
patients with open angle glaucoma 
receiving appropriate therapy. 
Warnings: Inject IV. slowly, 
directly into vein; take at least one 
minute for each 5 mg (1 ml) given. 
Do not mix or dilute with other solu- 
tions or drugs. Do not add to I.V. 
fluids. Rare reports of apnea or car- 
diac arrest noted, usually following 
LV. administration, especially in 
elderly or very ill and those with 
limited pulmonary reserve; duration 
is brief; resuscitative facilities 
should be available. Not recom- 
mended as sole treatment for psy- 
chotic or severely depressed patients. 
Should not be administered to pa- 
tients in shock, coma, acute alco- 
holic intoxication with depression 
of vital signs. Caution against haz- 
ardous occupations requiring com- 
plete mental alertness. Advise 
against simultaneous ingestion of 
alcohol and other CNS depressants. 
Withdrawal symptoms (similar to 
those with barbiturates and alcohol) 
have occurred following abrupt dis- 


Can reduce recall of procedure. 


continuance (convulsions, tremor, 
abdominal and muscle cramps, vom- 
iting and sweating). Keep addiction- 
prone individuals under careful 
surveillance because of their predis- 
position to habituation and depen- 
dence. In pregnancy, lactation or 
women of childbearing age, weigh 
potential benefit against possible 
hazard to mother and child. 
Precautions: If combined with 
other psychotropics or anticonvul- 
sants, carefully consider individual 
pharmacologic effects — particularly 
with known compounds which may 
potentiate action of Valium, such as 
phenothiazines, narcotics, barbitu- 
rates, MAO inhibitors and other 
antidepressants. Usual precautions 
indicated in patients severely de- 
pressed, or with latent depression, 
or with suicidal tendencies. Observe 
usual precautions in impaired renal 
or hepatic function. Not recom- 
mended for bronchoscopy, laryngos- 
copy, obstetrical use, or in diagnostic 
procedures other than gastroscopy 
and esophagoscopy. Laryngospasm 
and increased cough reflex are pos- 
sible during gastroscopy; necessary 
countermeasures should be available. 
Hypotension or muscular weakness 
possible, particularly when used 
with narcotics, barbiturates or al- 
cohol. Since effect with narcotics 
may be additive, appropriate reduc- 
tion in narcotic dosage is possible. 
Use lower doses (2 to 5 mg) for elderly 
and debilitated. Safety and efficacy 
in children under 12 not established. 
Side Effects: Drowsiness, fa- 
tigue, ataxia, confusion, depression, 
constipation, dysarthria, diplopia, 
headache, hypoactivity, hiccups, 
hypotensian, incontinence, jaundice, 
nausea, changes in libido, changes 
in salivation, phlebitis at injection 
site, urinary retention, skin rash, 
syncope, slurred speech, urticaria, 
tremor, vertigo, blurred vision. Para- 
doxical reactions such as acute 
hyperexcited states, anxiety, hallu- 
cinations, increased muscle spas- 


ticity, insomnia, rage, sleep dis- 
turbances and stimulation have been 
reported; should these occur, use of 
the drug should be discontinued. 
Isolated reports of neutropenia, 
jaundice; periodic blood counts and 
liver function tests advisable during 
long-term therapy. Minor EEG 
changes, usually low-voltage fast 
activity, of no known significance. 

Dosage: Usual initial adult 
dose is 2 to 10 mg I.M. or I.V., 
depending on indication for use. 
Lower doses (usually 2 to 5 mg) with 
slow dosage increase for elderly or 
debilitated patients and when seda- 
tive drugs are added. (See Precau- 
tions and Adverse Reactions.) In 
gastroscopy and esophagoscopy, 

5 to 10 mg, I.M. or LV., 30 min. prior 
to procedure. As preoperative medi- 
cation, 10 mg, I.M., 1 to 2 hours 
before surgery. In cardioversion, 

5 to 15 mg, LV., within 5 to 10 min. 
prior to procedure. Give I.V. injec- 
tions slowly; take at least 1 minute 
for each 5 mg (1 ml). 

In acute conditions, injection 
may be repeated within 1 hour, al- 
though interval of 3 to 4 hours is 
usually satisfactory; not more than 
30 mg should be given within 8-nour 
period. Once acute symptomatology 
has been properly controlled with 
injectable form, patient may be 
placed on oral form if further treat- 
ment is required. 

Supplied: Valium* (diazepam) 
Ampuls, 2 ml, boxes of 10; Vials, 10 
ml, boxes of 1; Tel-E-Ject'* (dispos- 
able syringes), 2 ml, boxes of 10. Each 
ml contains 5 mg diazepam, com- 
pounded with 40% propylene glycol, 
10% ethyl alcohol, 5% sodium benzo- 
ate and benzoic acid as buffers, and 
1.596 benzyl alcohol as preservative. 


Roche Laboratories 
Division of Hoffmann-La Roche Inc. 
Nutley, N.J. 07110 
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WE - Turn page and see the back of this cloth drape... 





SOAKTHROUGH! 


contamination 
from wet cloth 














Danger of 


drapes Twenty years ago Beck and ~ PLA 
Collette reported that when cloth drapes | 
or gowns become wet, there isdangerof — ^. 
contamination. Today, leaders in aseptic — 
OR. techniques agree that wet cloth can /——— 
spread contamination to the wound site. = 1 
In 1969, Dineen reported that — 
wet muslin drapes allow bacteria to pass ^^^ 
through the drape onto the sterile field. — — 
When a water-repellent material wasused = 
(BARRIER' Drapes), this did not occur. MNT 
Results of Recent Reports on Bacterial Penetration? dw s if d 


HIGH PENETRATION WITH WET CLOTH DRAPES— 
NO PENETRATION WITH BARRIER* SINGLE-USE DRAPES 


Number of bacteria penetrating 0 — 3000 — 6000 — g000— 12000-15000 p b 
H : — — 




















pne sq; centimeter in one minute  - Tig MA ie ARDEN v RUE 
Used Muslin 000000000808 O00 
Double Thickness | ; nH Ae 
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lags BL) dade ©0000 0 0750 patai 
Uu cs Mere etedtivethan colhdrapes ^. Im) 
I 1 d fase s Bis ro IR A 
ery ns 0 providing protection against bacterial = : 
contamination.'7 uh Pret es ey 


Average of 5 tests per subject—11 subjects—55 results for each fabric. - fs Pe : 
(This is an actual photo of the back of a wet cloth drape. Previous page shows front of. == 
same wet drape.) i ; * a 


* TRADEMARK OJohnsón& Johnson 1972... 
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in vivo and in vitro studies show that’ 3 


— BARRIER Pack and Gown Fabrics - v. 


E ne ent bacterial migration. 
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-in critical areas of drapes 








Ane organisms reduced - 

by 90% — When compared 

.. tocloth, a 90% reduction of adtorac i 
-organisms was achieved with — 


.. BARRIER Drapesand Gowns. 
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nada, (November 1969). 9. Data on flle, Department of Clinical Research, 


ibit, The New York Hospital, Cornell Medical Center, New York, Oct. 19719 


A life-threatening staph* infection? 


ulture results 
temorrow. 


Whichantibiotic 
tonight? 


Initial therapy. 


penicillloase-producing staphylococci and must begin therapy before definitive 
culture Tesults are known, Unipen Injection is particularly suitable? Appropriate 
specimens for bacteriologic studies should be taken prior to the first dose of anti- 
biotic to determine the causative organisms and their susceptibility'to nafcillin. 


ici. and susceptibility studies can easily eat up 24-48 hours. If you suspect 


Rapid penetration. 

Unipen appears rapidly in plasma following intramuscular administration. 
Penetrates body tissues in high concentration and diffuses well into pleural, 
pericardial and synovial fluids. 


"On call" capability. 
Reconstitutes in less than 60 seconds. Remains stable for 24 hours? 


*When caused by nafcillin-susceptible penicillinase-producing staphylococci. 
See Important Note on page after next. 
tSee important information under Parenteral Administration on page after next. 


See important information O 
on page after next. 


[sodium nafcillin) 


as the monohydrate, buffered, Wyeth 
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Affords a specific approach 
to susceptible penicillinase- 
producing staph infections. 


UNIPEN 


a - iJ 
[sodium nafcillin] 
as the monohydrate, buffered, Wyeth 


Ease of reconstitution plus 24-hour stability in I.V. solu- 
tions put this potent antistaph agent ‘‘on call." 
No precipitation, less than 10% loss in activity in J. V. 
solutions held at room temperature for 24 hours.T 

e 5% dextrose in water 

e 5% dextrose in 0.4% NaCl solution 

e lsotonic NaCl 

e Ringer’s solution 

e M/6 sodium lactate solution (conc. of 30 mg/ml) 


+See “Intravenous Route” section of Brief Summary on this page. 


Indications 

The principal indication for sodium nafcillin is in the treatment of 
infections known to be due to penicillinase-producing staphylococci 
which have been shown to be sensitive to it. 

Bacteriologic studies to determine the causative organisms and 
their sensitivity to sodium nafcillin should be performed. 

If antibiotic therapy is considered necessary in potentially serious 
infections while awaiting reports of cultures and sensitivity studies, 
sodium nafcillin may be used to initiate therapy in such patients in 
whom a penicillinase-producing staphylococcus is suspected (see 
Important Note below). 

In serious, life-threatening infections, oral preparations of the 
penicillinase-resistant penicillins should not be relied on for initial 
therapy. 

Important Note 

When it is judged necessary that treatment be initiated before 
definitive culture and sensitivity results are known, the choice of 
sodium nafcillin should take into consideration the fact that it has 
been shown to be effective only in the treatment of infections caused 
by pneumococci, Group A beta-hemolytic streptococci and penicillin 
G-resistant and penicillin G-sensitive staphylococci. If the bacteri- 
ology report later indicates the infection is due to an organism other 
than a penicillin G-resistant staphylococcus sensitive to socium naf- 
cillin, the physician is advised to continue therapy with a drug other 
than sodium nafcillin or any other penicillinase-resistant semi- 
synthetic penicillin. 

Methicillin is a compound that acts through a mechanism similar 
to that of sodium nafcillin against penicillin G-resistant staphylo- 
cocci. Strains of staphylococci resistant to methicillin have existed 
in nature and it is known that the number of these strains reported 
has been increasing. Such strains of staphylococci have been 
capable of producing serious disease, in some instances resulting 
in fatality. Because of this there is concern that widespread use of 
the penicillinase-resistant penicillins may result in the appearance 
of an increasing number of staphylococcal strains which are re- 
sistant to these penicillins. 

Methicillin-resistant strains are almost always resistant to all 
other penicillinase-resistant penicillins (cross resistance with ceph- 
alosporin derivatives also occurs frequently). Resistance to any 
penicillinase-resistant penicillin should be interpreted as evidence 
of clinical resistance to all, in spite of the fact that minor variations 
in in vitro sensitivity may be encountered when more than one 
penicillinase-resistant penicillin is tested against the same strain 
of staphylococcus. 

Routine methods of antibiotic sensitivity testing may fail to detect 
strains of organisms resistant to the penicillinase-resistant penicil- 
lins. For this reason, the use of large inocula and 48-hour incubation 
periods may be needed to obtain accurate sensitivity studies with 
these antibiotics. 


Contraindications 
A history of allergic reaction to any of the penicillins is a contra- 
indication. 


Warnings 

Serious and occasionally fatal hypersensitivity (anaphylactoid) re- 
actions have been reported in patients on penicillin therapy. Although 
anaphylaxis is more frequent following parenteral therapy it has 
occurred in patients on oral penicillins. These reactions are more 
apt to occur in individuals with a history of sensitivity to multiple 
allergens. 

There have been reports of individuals with a history of penicillin 
hypersensitivity reactions who have experienced severe hypersen- 
sitivity reactions when treated with a cephalosporin. Before therapy 
with a penicillin, careful inquiry should be made concerning previous 
hypersensitivity reactions to pencillins, cephalosporins, and other 
allergens. If an allergic reaction occurs, appropriate therapy should 
be instituted, and discontinuation of nafcillin therapy considered. 
The usual agents (antihistamines, pressor amines, corticosteroids) 
should be readily available. 


Precautions 

As with any potent drug, periodic assessment of organ system 
function, including renal, hepatic and hematopoietic, should be 
made during prolonged therapy. 

The possibility of bacterial and fungal overgrowth should be kept 
in mind during long-term therapy. If overgrowth of resistant organ- 
isms occurs, appropriate measures should be taken. 

The oral route of administration should not be relied upon in 
patients with severe illness, or with nausea, vomiting, gastric dilata- 
tion, cardiospasm or intestinal hypermotility. 

Safety for use in pregnancy has not been established. 

Particular care should be taken with intravenous administration 
because of the possiblity of thrombophlebitis. 


Adverse Reactions 

Reactions to sodium nafcillin have been infrequent and mild in 
nature. As with other penicillins, the possibility of an anaphylactic 
reaction or serum sickness-like reactions should be considered. A 
careful history should be taken. Patients with histories of hay fever, 
asthma, urticaria, or previous sensitivity to penicillin are more likely 
to react adversely. 

The few reactions associated with the intramuscular use of sodium 
nafcillin have been skin rash, pruritus, and possible drug fever. As 
with other penicillins, reactions from oral use of the drug have in- 
cluded nausea, vomiting, diarrhea, urticaria, and pruritus. 


Parenteral Administration 

It is recommended that parenteral therapy be used initially in 
severe infections. The patient should be placed on oral therapy with 
this product as soon as the clinical condition warrants. tIntravenous 
Route: If given by intravenous infusion, use only these solutions— 
isotonic NaCl, 5% dextrose in water, 5% dextrose in 0.4% NaCl 
solution, Ringer's solution or M/6 sodium lactate solution (conc. of 
30 mg./ml.). Discard any unused portions of I.V. solutions after 24 
hours. The concentration of the antibiotic should fall within the 
range of 2 to 30 mg./ml. The drug concentrate and the rate and 
volume of the infusion should be adjusted so that the total dose of 
nafcillin is administered before the drug loses its stability in the 
solution in use. 

There is no clinical experience available on the use of this agent in 
neonates or infants for this route of administration. 

This route of administration should be used for relatively short- 
term therapy (24-48 hours) because of the occasional occurrence of 
thrombophlebitis, particularly in elderly patients. 


Intramuscular route: After reconstitution, keep under refrigera- 
tion and use within 48 hours. The clear solution should be adminis- 
tered by deep intragluteal injection immediately after reconstitution. 


Oral Administration 
Beta-hemolytic streptococcal infections should be treated for at 
least 10 days to prevent development of acute rheumatic fever or 
glomerulonephritis. 
If oral therapy is inadequate, resort to parenteral sodium nafcillin. 
After mixing, the oral solution must be stored in a refrigerator. 
Discard any unused portion after one week. 


Supplied 

INJECTION—Vials of 500 mg., 1 and 2 Gm. Each cc. after re- 
constitution contains 250 mg. nafcillin buffered with 10 mg. sodium 
citrate. Also available—CAPSULES—containing sodium nafcillin, 
as the monohydrate, equivalent to 250 mg. nafcillin buffered with 
calcium carbonate in bottles of 24 and 100, and REDIPAK® (strip 
pack) Wyeth, boxes of 25. FOR ORAL SOLUTION—Combination 
pkg. of vial of dry sodium nafcillin as monohydrate and bottle of 
diluent—provides 30 cc.of solution containing equivalent of 250 mg. 
nafcillin per 5 cc. Alcohol 2%. 


WYETH LABORATORIES PHILADELPHIA, PA. 





«fights skin infections 
due to susceptible 
organisms 

rarely sensitizes 


POLYSPORIN OINTMENT 
a a a Each gram contains: Aerosporin? brand 
(polymyxin B-bacitracin) Polymyxin B Sulfate 10,000 units; Zinc Bacitracin 
500 units, in special white petrolatum q.s. 

For minor burns, cuts, infections. Topical antibacterial action 

against a wide range of susceptible organisms. Rare 
chance of sensitization. Especially for patients with 


possible sensitivity to other topical antibiotics. 








Available in 1- and ¥2-0z. tubes. 
Contraindications: This product is contraindicated in those 
individuals who have shown hypersensitivity to any of its components. 


Caution: As with other antibiotic products, prolonged use may 
i result in overgrowth of nonsusceptible organisms, including 
ü fungi. Appropriate measures should be taken if this occurs. 


Ü Tom 
al Services Dept. PML. 






| Burroughs Wellcome Co. 
| Research Triangle Park 
Wellcome / North Carolina 27709 
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Indications: Primarily for treatment of infections due to susceptible 
strains of Pseudomonas aeruginosa, Proteus species (particularly indole- 
positive strains), and certain Escherichia coli. Clinical effectiveness has 
been demonstrated in the following infections when due to these orga- 
nisms: Urinary tract infections; severe systemic infections and septice- 
mia; acute and chronic respiratory infections (while clinical improvement 
has been shown, bacteriologic cures cannot be expected in patients with 
chronic respiratory disease and cystic fibrosis); soft tissue infections. 


Although GEOPEN (disodium carbenicillin) is indicated primarily in gram- 
negative infections, its activity against gram-positive organisms should 
be kept in mind when both gram-positive and gram-negative organisms 
are isolated (see Actions). 

NOTE: During therapy, sensitivity testing should be repeated frequently 
to detect the possible emergence of resistant organisms. 

Actions: Organisms found to be susceptible /n vitro inc ude: 
GRAM-NEGATIVE ORGANISMS--2s. aeruginosa, Proteus mirabilis, Pr. morganii, 
Pr. rettgeri, Pr. vulgaris, E. coli, Enterobacter species, Salmonella species, 
Hemophilus influenzae, and Neisseria species. 

GRAM-POSITIVE ORGANISMS—Staphylococcus aureus (nonpenicillinase- 
producing), Staph. albus, Diplococcus pneumoniae, beta-hemolytic strep- 
tococci, and Streptococcus faecalis. 

Some newly emerging pathogenic strains of Here//ea, Mima, Citrobacter, 
and Serratia have also shown /n-vitro susceptibility. 

Not stable in the presence of penicillinase. Most K/ebsiella species 
are resistant. Some strains of Pseudomonas have developed resistance 
fairly rapidly. 

Contraindications: Known penicillin allergy. 

Warnings: Serious and occasional fatal hypersensitivity (anaphylactic) 
reactions have been reported in patients on penicillin therapy. These 
reactions are more apt to occur in individuals with a history of sensi- 
tivity to multiple allergens. 

Observe patients with renal impairment for bleeding manifestations and 
adhere strictly to dosage recommendations; if bleeding manifestations 
appear, discontinue antibiotic and institute appropriate therapy. 

There have been reports of individuals with a history of penicillin hyper- 
sensitivity reactions who have experienced severe hypersensitivity 
reactions when treated with a cephalosporin. Before therapy with a 
penicillin, careful inquiry should be made concerning previous hyper- 
sensitivity reactions to penicillins, cephalosporins, and other allergens. 
If an allergic reaction occurs, appropriate therapy should be instituted 
and discontinuance of disodium carbenicillin therapy considered, unless 
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the infection is life threatening and only amenable to disodium carbeni- 
cillin therapy. The usual agents (antihistamines, pressor amines, and 
corticosteroids) should be readily available. 

Usage in Pregnancy: Safety for use in pregnancy has not been established. 
Precautions: As with any other potent agent, it is advisable to check 
periodically for organ-system dysfunction, including renal, hepatic, and 
hematopoietic systems, during prolonged therapy. Emergence of resist- 
ant organisms, such as K/ebsiella species and Serratia species, which 
may cause superinfection, should be kept in mind. Each gram contains 
4.7 mEq sodium; in patients where sodium restriction is necessary, 
such as cardiac patients, periodic electrolyte determinations and mon- 
itoring of cardiac status should be made. As with any penicillin prepara- 
tion, the possibility of an allergic response, including anaphylaxis, may 
occur, particularly in a hypersensitive individual. 

Intramuscular injections should be made well within the body of a rela- 
tively large muscle (not into the lower and mid-third of the upper arm), 
and aspiration is necessary to help avoid inadvertent injection into a 
blood vessel. Intravenous infusion should be given as slowly as possible. 
Reconstituted solution should be discarded after 24 hours if stored at 
room temperature, after 72 hours if refrigerated. 

Adverse Reactions: Hypersensitivity Reactions—Skin rashes, pruritus, 
urticaria, drug fever, and anaphylactic reactions. Gastrointestinal Distur- 
bances —Nausea. Hemic and Lymphatic Systems—Anemia, thrombocytopenia, 
leukopenia, neutropenia, and eosinophilia. Blood, Hepatic, and Renal 
Studies—SGOT and SGPT elevations have been observed, particularly in 
children. To date, no clinical manifestations of hepatic or renal disorders 
have been demonstrated. Centra/ Nervous System—Convulsions or neuro- 
muscular irritability could occur with excessively high serum levels. 
Other—Pain at the site of injection, rarely accompanied by induration; 
in uremic patients receiving high doses (24 gm/day), hemorrhagic 
manifestations associated with abnormalities of coagulation tests, such 
as clotting and prothrombin time. Vein Irritation and Phlebitis—Partic- 
ularly when undiluted solution is injected directly into the vein. 


How Supplied: Available in 1-gm, 2-gm, and 5-gm vials. 
Before prescribing or administering, see package circular or PDR. 
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A division of Pfizer Pharmaceuticals 
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etamucil 
means smoothage 


...smoothage means nonirritating bulk 
..ulk means regularity. 


Metamucil...the means to managing chronic constipation. 


USUAL ADULT DOSAGE: One 
rounded teaspoonful of Metamucil 
powder, one to three times daily, 
in a glass of cool liquid, or one 
packet of Instant Mix Metamucil, 
ore to three times daily, in a glass 
of cool water. An additional glass 
of liquid is helpful. 


Metamucil powder consists 
of a highly refined mucilloid of the 
psyllium seed. An equal amount of 
dextrose is added as a 


Each dose contains 14 calories 
as carbohydrate and a negligible 
amount of sodium. It is available 
in containers of 7 and 14 ounces. 


Instant Mix Metamucil contains 
3 calories as carbohydrate and 
0.25 Gm. of sodium in each dose. 
It is available in cartons of 16 and 
30 single-dose packets. 


G. D. Searle & Co., 


P. O. Box 5110, Chicago, Illinois 60680 





TO TREAT OR 
PREVENT NEGATIVE 
NITROGEN BALANCE 


*With adequate calories and other nutrients, 
when oral alimentation is not feasible for 
prolonged periods and/or there is impaired 
gastrointestinal absorption of protein. 





INTRODUCING 


FreAmine 


life-supporting IV nutrition: 
with pure crystalline 
amino acids. 


FreAmine is the product of 10 years of research. It is 
the most concentrated source of naturally occurring, 
biologically available amino acids obtainable for I.V. 
nutrition. FreAmine is life-supporting—promotes 
anabolism and tissue synthesis when used in total 
parenteral nutrition, even during extended periods. 
FreAmine advantages include the following: 


* Purity: Immediate biologic availability—contains no 
peptides. 

* Concentration: 8.5% FreAmine, when mixed in a 1 to 1 
ratio with 50% Dextrose in Water, provides 6.25 g. of 
completely utilizable nitrogen plus 39 g. of protein equiv- 
alent per 1,000 ml., and 850 nonprotein calories. 

* Recognized Protein Standards: FreAmine formula is based 
on two internationally accepted standards: Rose's recom- 
mended daily allowances of essential amino acids, and hen’s 
egg, the World Health Organization's protein standard. 

* Balance: FreAmine contains 8 essential and 7 nonessential 
amino acids for optimum nitrogen balance and protein 
synthesis. 

* Nontoxicity: No allergic or sensitivity reactions have been 
reported. Contains no glutamic or aspartic acids, which 
have been shown to cause nausea and vomiting. 


Further information and literature can be obtained 
from your McGaw representative. 


tWith adequate calories and other nutrients, when oral alimentation is not feasible for 
prolonged periods and/or there is impaired gastrointestinal absorption of protein. 


McGAW LABORATORIES 


Division of American Hospital Supply Corporation 
Glendale, California + Milledgeville, Georgia 


DESCRIPTION: Each 100 ml. contains: FreAmine Amino 
Acid Mixture*, 8.5 g.; Sodium Bisulfite, U.S.P., less than 
0.10 g.; Water for Injection, U.S.P., q.s., pH adjusted 
with acetic acid (approximately 20 mEq./1. Acetate). 

Approximate concentration of amino acids (g./100 ml.): 


Essential Amino Acids: -Isoleucine 0.59; t-Leucine 0.77; 
L-Lysine HCI 0.77; Methionine 0.45; t-Phenylalanine 0.48; 
L-Threonine 0.34; t-Tryptophan 0.13; t-Valine 0.56. 
Nonessential Amino Acids: r-Alanine 0.60; r-Arginine 
0.31; r-Histidine 0.24; r-Proline 0.95; r-Serine 0.50; 
Aminoacetic Acid (Glycine) 1.8; 1-Cysteine * HCl + H,O 
«0.02. Alpha amino nitrogen greater than 80% of total 
nitrogen present. Concentration of Electrolytes (mEq./1.): 
Sodium 10, Chloride 45. 


8.5% FreAmine Solution is a sterile, nonpyrogenic solu- 
tion containing pure crystalline amino acids. A 500 ml. 
unit provides a total of 39 g. of protein equivalent and 
6.25 g. of nitrogen. 

ACTIONS: 8.5% FreAmine Solution provides, in concen- 
trated form, a physiological ratio of completely utilizable 
amino acids for protein synthesis. Used with concentrated 
carbohydrate solutions, e.g., 20 to 50% dextrose solutions, 
as a source of calories plus electrolytes and vitamins, it 
provides total parenteral nutrition. 


INDICATIONS: As an adjunct in the prevention of nitro- 
gen loss, or in the treatment of negative nitrogen balance 
in patients where: (1) oral alimentation is not feasible for 
prolonged periods, and (2) there is impaired gastrointes- 
tinal absorption of protein. 


CONTRAINDICATIONS: 1. Anuria; 2. Hepatic coma. 


WARNINGS: 1. Administration of amino acids to a pa- 
tient with hepatic insufficiency may result in a rise in 
blood ammonia. 2. Administration of amino acids in the 
presence of impaired renal function may augment an in- 
creasing blood urea nitrogen. 3. It is essential to provide 
adequate calories if parenterally administered amino acids 
are to be retained by the body and utilized for protein 
synthesis. Calorie-to-nitrogen ratios of 125 to 150 calories 
per gram of nitrogen have been recommended to achieve 
positive nitrogen balance in traumatized patients, for ex- 
ample, surgical cases. 5096 Dextrose in Water is a con- 
venient source of adequate calories. 4. FreAmine has not 
been used in pregnant women; therefore, its safe use in 
such patients has not been demonstrated. 


PRECAUTIONS: 1. Whenever possible, 8.5% FreAmine 
Solution and its associated calorie solution should be ad- 
ministered through an indwelling intravenous catheter 
with the tip located in the vena cava or right atrium. 
2. During prolonged therapy, clinical evalution and peri- 
odic laboratory determinations are necessary. 


ADVERSE REACTIONS: Rarely, minor local reactions 
consisting of a warm sensation and erythema when the 
solution is administered by peripheral vein. 


DOSAGE AND ADMINISTRATION: The total daily dose 
of 8.5% FreAmine Solution depends on daily protein re- 
quirements and on the patient's response, which is deter- 
mined by clinical judgment aided by such laboratory data 
as nitrogen balance and serum protein levels. Recom- 
mended daily allowances of protein are approximately 
0.9 g. (12 ml.**) per kg. of body weight for a healthy 
adult and 1.4 to 2.2 g. (18 to 28 ml.**) per kg. for healthy 
growing infants and children. Thus, doses of 370 ml. and 
840 ml. of 8.5% FreAmine Solution would provide the 
recommended daily allowances of protein for a normal 
16 kg. (35 lb.) child and 70 kg. (154 lb.) adult respectively. 
Protein requirements in traumatized or malnourished pa- 
tients may, however, be substantially increased. The 
determination of nitrogen balance is probably the best 
means of accurately assessing individual protein require- 
ments. Daily doses ranging from 15 to 24 ml. (1.2 to 
1.9 g.) per kg. of body weight are generally sufficient in 
such patients to satisfy protein needs and promote posi- 
tive nitrogen balance although up to 45 ml. per kg. have 
been administered in special cases. 


For optimum amino acid retention and utilization, 8.595 
FreAmine Solution should be administered at a rate of 
approximately 1 ml. per kg. of body weight per hour. At 
this rate a 70 kg. patient would receive 500 ml. in an 
eight-hour period. The administration rate should never 
exceed 2 ml. per kg. per hour. 

Whenever possible, 8.5% FreAmine Solution and its asso- 
ciated calorie solution should be administered through an 
indwelling intravenous catheter with the tip located in the 
vena cava or right atrium. 


ROUTE: Intravenous. 
CAUTION: Federal (U.S.A.) law prohibits dispensing 
without prescription, 


HOW SUPPLIED: 8.5% FreAmine Solution is supplied 
sterile and nonpyrogenic in 500 ml. intravenous infusion 
bottles. 
*Crystalline amino acid mixture, isolated and purified 
from edible soybean hydrolysate or synthesized. 
""Based on protein equivalent of 39 g. per 500 ml. of 8.5% 
FreAmine Solution. 
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relief from mild to 
moderate pain for 
your injured patient... 


Tablets E ‘6 
Darvon-N wit A.S.A. 


100 mg. propoxyphene napsylate and 325 mg. aspirin 


v 


A 
™ 3 ® 
Darvon-N with A.S.A. Each tablet contains 100 mg. propoxyphene napsylate and 325 mg. aspirin. 


TM 
Darvon-N Each tablet contains 100 mg. propoxyphere napsylate 


Indication: For the relief of mild to moder- 
ate pain. 

Contraindications: Hypersensitivity to pro- 
poxyphene and, in the combination product, 
to aspirin. 

This agent should not be used in children, 

since adequate data to establish safe con- 
ditions of use are lacking. 
Warnings: Propoxyphene napsylate may im- 
pair the mental and/or physical abilities re- 
quired for the performance of potentially 
hazardous tasks, such as driving a car or op- 
erating machinery, especially during the first 
few days of therapy. Therefore, the patient 
should be cautioned accordingly. 

Salicylates should be used with caution in 
the presence of peptic ulcer. 

Use in Pregnancy—The safety of the use 
of this agent during pregnancy has not been 


Drug Dependence—Tolerance, osycho- 
logical dependence, and physical depend- 
ence have been reported; the abuse liability 
of propoxyphene is qualitatively similar to 
that of codeine although quantitatively less 
Propoxyphene will not support morphine de- 
pendence 
Precautions: Patients who have received 
narcotic drugs for long periods of tme may 
have developed physical dependence, and 
the sudden substitution of ordinary doses of 
oropoxyphene napsylate may result in an 
acute withdrawal syndrome. These symp- 
toms may be avoided by gradually reducing 
the dose of the prior medication as propoxy- 
phene napsylate is substituted for pain relief. 

Salicylates present in Darvon-N with 
A.S.A.may enhance the effect of anticoagu- 


ants and inhibit the uricosuric effect of pro- 
iA 
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also decrease Insulin requirements 
Adverse Reactions: Dizziness, headache, 
sedation, somnolence, paradoxical excite- 
ment, insomnia, skin rashes, and gastro- 
intestinal disturbances (including nausea, 
vomiting, abdominal pain, and constipation) 
may occur with the recommended doses of 
propoxyphene. Euphoria may occasionally 
occur. 

Salicylates present in the combination 
product may induce hypersensitivity, urate 
kidney stones, chronic gastro-intestinal 
blood loss, tinnitus, nausea, and vomiting. 
200639 [012772] 


Additional information available 
to the profession on request. 


Eli Lilly and Company 
Indianapolis, Indiana 46206 
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Shock-Induced Alterations of Mitochondrial Membrane 


. Transport. 


Effects of Endotoxin and Lysosomal Enzymes on Calcium Transport 


GARY G. NICHOLAS, M.D., LEENA M. MELA, M.D., LEONARD D. MILLER, M.D 


N ORDER TO define further the physiologic and metabolic 
I abnormalities in séptic shock we have been investigat- 
ing the effects of endotoxin on rat liver mitochondria in 
vivo and in vitro. This study was undertaken to elucidate 
the effects of endotoxin on one of the functions of the 
mitochondrial membrane; namely, calcium transport. - 

The translocation of calcium in mitochondria is be- 
lieved to take place through a divalent cation carrier lo- 
cated in the inner membrane of the mitochondrion.* 
This process is energy-dependent. Either substrate oxi- 
dation or ATP cax supply the energy required for the 
cation transport? Strontium and manganese are also 
transported by this divalent cation carrier.* For calcium 
transport to occur, the respiratory chain must be intact 
and coupled to the phosphorylating mechanism. Both 
inhibitors of electron transport and uncoupling agents 
are inhibitory to this process.® 

Mela et al., have shown that the respiratory carriers are 
intact in rat livers in experimental endotoxin shock.!? 
In vitro studies have also shown that endotoxin, per se, 
does not inhibit the activity of the respiratory carriers.!? 

Several mitochondrial functions have recently been 
shown to be altered by endotoxin.^!? Both in vivo and 
in vitro studies demonstrate a fall in the respiratory con- 
trol ratio (RCR) and an increased rate of respiration in 
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state 4 (absence of phosphate acceptor)?" State | 
respiration is inhibited by endotoxin in vivo and in vitre 
ATPase activity is also inhibited: however, if the mito 
chondria that have previously been exposed to endotoxi 
in vivo or ín vitro, are broken by ultrasonic oscillation 
the ATPase activity appears normal. These observation 
suggest a defect in the transport of adenine nucleotide 
into the mitochondria: In vitro study of mitochondria ex 
posed to endotoxin shows an inhibition of succinate oxi 
dation.? If the enzyme succinic dehydrogenase is studie: 
in these same mitochondria it is found to be active. A 
these findings suggest that the mitochondrial membran 
becomes altered in such a manner that the membran 
transport mechanisms are defective, 

With the evidence of these alterations in mitochondri: 
function, we elected to study caleium translocation a 
another parameter of mitochondrial membrane respens 
to endotoxin and as a sensitive indicator of the intactnes 
of transport phenomena across the membrane. The rol 
of ion transport in septic shock and severe trauma. is be 
coming more apparent. Increased intracellular sodiur 
has been demonstrated iri the burn patient. Hyperkalemi 
following the use of muscle relaxants in patients wit 
trauma to large muscle mass has also been noted. Trum: 
and co-workers have shown that in ischemia the uptak 
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of calcium and sodium is increased as magnesium and 
potassium leave the cells, and, that Ca** simultaneously 
is accumulated in the mitochondria.!é These ion changes 
are responsible for extensive swelling and along with it 
structural alterations and damage in both of these com- 
partments, the cell sap and the mitochondria." 


Methods 


Rat liver mitochondria from male Charles River rats, 
weighing 120-150 Gm. were prepared in routine fashion 
in the presence of ethylenediaminetetraacetic acid 
(EDTA). The final two washings were done without 
EDTA.* The medium consists of 0.225 M mannitol, 0.075 
M sucrose, and 100 „M EDTA when present. After the 
final washing the mitochondria were suspended in medium 
sufficient to yield a concentrate of 40 mg. of mitochondrial 
protein per ml. The reaction mixture (MST-20mM Cl) 
consists of 0.225 M mannitol, 0.075 M sucrose and 20 mM 
tris CI(pH 7.4). The extramitochondrial calcium con- 
centration was measured using the divalent cation in- 
dicator murexide (ammonium purpurate) in the Aminco- 
Chance dual wavelength spectrophotometer.? This was 
carried out at 540-510 nm. The isobestic point for mu- 
rexide versus murexide-calcium complex is 507 nm and 
the minimum absorbance at 540 nm, indicating increased 
concentration of murexide-calcium complex. The final 
murexide concentration was 27 «M, The endotoxin was 
prepared to a concentration of 2.5 mg./ml. of mannitol- 
sucrose medium from E. coli 0127 : B8 Lipopolysaccharide 
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Fic. 1. Absorbance changes at 540-510 nm in the dual wavelength 
spectrophotometer. Murexide 27 uM is the indicator cf extramito- 
chondrial calcium concentration. All additions are indicated on 
the tracing. The standard medium (MST-20 mM Cl) with 6.7 mM 
succinate as substrate was used. The rat liver mitochondrial protein 
concentration was 1.5 mg. X ml."*. 
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B. (Difco Laboratories, Detroit, Mich.). Caleium was 
obtained from a stock solution and dibucaine (Nuper- 
caine) as a 1.7 mM solution were used. 

Bovine serum albumin (Sigma Chemical Company) 
was suspended in distilled water to obtain a concentra- 
tion of 10 mg./ml. 

The lysosomal fraction of rat livers was isolated by 
differential centrifugation at 12,000 x g for 20 minutes. 
Lysosomal enzymes were released by freezing and thaw- 
ing ten times, The acid phosphatase activity was de- 
termined by the method described by Fiske and Sub- 
barow.' The activity of the acid phosphatase was 147 
nmoles Pi/min./mg. protein. 

The protein was determined by the Biuret method. 
The energy source for calcium transport was succinate 
and/or endogenous substrate. 


Results 


Effect of Endotoxin on Calcium Translocation 


In Figure 1 absorbance changes at 540-510 nm with 
murexide as the indicator are shown. The addition of 
167 „M CaCl; is followed by an initial decrease absorb- 
ance at 540 nm because of the formation of the murexide- 
calcium complex. As the calcium is transported into the 
mitochondria, the absorbance at 540 nm increases. It 
is this initial slope of calcium translocation that was used 
to calculate the uptake rate of 48 nmoles/min./mg. mito- 
chondrial protein in this experiment. The total amount 
of calcium translocated was 84 4M. The addition of 5 
pM |. FCCP(carbonyl-cyanide-p-trifluoro-methoxyphenyl- 
hydrazone) uncouples respiration from phosphorylation, 
with resultant release of 54 uM calcium from the mito- 
chondria inte the medium. The remaining 30 «M calcium 
that was translocated is not released from the mitochon- 
dria until they become anaerobic. This usually occurs 
3-4 minutes after the addition of the calcium to the 
cuvette, The substrate used was 6.7 mM succinate. 

The titration curve shown in Figure 2 illustrates the 
effect of endotoxin on calcium uptake of the mitochon- 
dria. Each point of the curve is a calculation of the initial 
velocity of calcium uptake at that particular concentra- 
tion of endotoxin, The. calcium concentration was 167 
uM and the succinate concentration was 6.7 mM for each 
of these experiments. At low concentrations of endotoxin 
(up to 40 »g/mg. of mitochondrial protein), calcium up- 
take exceeds the control rate. At higher concentrations 
of endotoxin the calcium uptake is inhibited in an ex- 
ponential fashion. Extrapolation of this inhibition curve to 
zero indicates that maximum inhibition occurs at about 
l00ug endotoxin/mg. of mitochondrial protein. 

Figure 3 illustrates the effect of endotoxin on mitochon- 
dria in the absence of an energy source. In the first re- 
cording of this figure, the addition of 167 „M calcium to 
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Fic. 2. The effect of en- 
dotoxin on normal rat 
liver mitochondria. The 
initial rates of calcium 
uptake by mitochondria 
were measured from ex- 
periments similar to Fig- 
ure l and plotted as a 
function of endotoxin 
concentration, Each point 
represents a separate ex- 
periment. The medium is 
MST-20 mM Cl. The 
substrate is 6,7 mM suc- 
cinate, The mitochondrial 
protein concentration is 
2.0 mg. x ml.7. 
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the mitochondria in the presence of 6.7 mM succinate 
and 14.5 »g endotoxin produces an initial rate of 431 
nmoles/min./mg. protein. The addition of the same 
amount of calcium in the absence of both substrate and 
endotoxin is seen in the second tracing. Here there is no 
calcium uptake by the mitochondria. In the third tracing 
14.5 ug endotoxin has been added to the mitochondria 
in the absence of succinate. The rate here is 35 nmoles/ 
min./mg. of mitochondrial protein. Endogenous res- 
piration was blocked with 3 „M rotenone and 5 
„M CICCP(carbonyl-cyanide-p-dichloro-methoxyphenyl- 
hydrazone) in the second and third experiments. Thus 
endotoxin appears to induce calcium transport in mito- 
condria in the absence of an energy source. 

To define the type of inhibition of calcium uptake 
produced by the endotoxin two different concentrations 
of caleium were used to determine initial uptake rates 
in the presence of various concentrations of endotoxin. 

Figure 4 shows the Dixon plot of the inhibited rates. 
The two concentrations of calcium have their intercept 
on the abscissa behind the ordinate. This is the plot 
characteristic of a non-competitive inhibitor. 


The Effect of Lanthanum on Calcium Uptake in the 
Presence of Endotoxin 


The use of lanthanum as a specific inhibitor of the 
divalent cation carrier site was investigated in both the 
presence and the absence of endotoxin.? In the absence 
of endotoxin a typical biphasic curve of calcium uptake 
rate as a function of the concentration of added lantha- 
num is obtained. The extrapolated point of 100% inhibi- 
tion is at a lanthanum concentration of 0.37 nmoles/mg. 
of mitochondrial protein. In Figure 5 titration curves of 
calcium uptake against endotoxin concentration in the 
presence and absence of lanthanum are compared. The 
concentration of 1.67 »M lanthanum was selected since 
it produced a partial inhibition of calcium uptake. As 
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Fic. 3. Absorbance changes at 540-510 nm with 27 uM murexide 
as the indicator of the extra-mitochondrial calcium concentration. 
The mitochondria were suspended in MST-20 mM Cl medium to 
a concentration of 1.7 mg. protein x ml.?. Endotoxin 14.5 ug/mg. 
of mitochondrial protein and succinate 6.7 mM were added where 
indicated above the tracing. 


— 





can be seen from Figure 5, this concentration of lantha- 
num produced an 80% inhibition of calcium uptake in the 
absence of endotoxin. A curve very similar to the control 
but with a decreased activity is produced by the endo- 
toxin titration in the presence of lanthanum. 

It is interesting to note that even in the presence of 
lanthanum when the calcium transport is heavily in- 
hibited, additions of low concentrations of endotoxin in- 
duce a comparably high calcium transport activity. 


The Effect of Dibucaine on Mitochondria in the Presence 
of Endotoxin 


Dibucaine and other local anesthetics have been shown 
to facilitate calcium uptake by mitochondria.? 
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Fic. 4, Dixon plot. The 
reciprocal of the initial 
calcium uptake rate as a 
function of endotoxin con- 
centration. The reciprocal 
of the inhibited rates 
was determined at 167 
uM and 334 uM calcium 
in MST-20 mM Cl me- 
dium with 6.7 mM suc- 
cinate as a substrate and 
2,5 mg. x ml.? of mito- 
chondrial protein. 
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‘Fic. 5, The effects of 
endotoxin on normal rat 
liver mitochondria in the 
resence and absence of 
anthanum. The experi- 
ment was done similarly 
to Figure 2, The medium 
was MST--20 mM Cl with 
6.7 mM succinate as sub- 
strate with the mitochon- 
drial protein concentra- 
tion of 2.0 mg. X ml. 
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Dibucaine at a concentration of 36-43 nmoles/mg. of 
mitochondrial protein appears to enhance calcium ac- 
cumulation by the mitochondria. Increasing the dibu- 
caine concentration beyond this level fails to produce 
further increases in calcium uptake. The accumulation 
of calcium by mitochondria in the presence of dibucaine, 
at various concentrations of endotoxin, is shown in Figure 
6. The control curve of the effect of endotoxin in the 
absence of dibucaine is shown in this figure also. After 
the initial facilitation in both the control and dibucane 
experiments the calcium uptake falls at the same rate in 
. both experiments. 

The Effect of Bovine Serum Albumin on mitochondria 
in the presence of endotoxin. Bovine serum albumin has 
been noted to have a protective effect on mitochondria 
in the presence of endotoxin.! Using endotoxin 111 ug/ 
mg. mitochondrial protein a 63$ inhibition of calcium ac- 
cumulation was produced. The addition of BSA(0.2 mg./ 
mg. mitochondrial protein) to mitochondria under these 
conditions produced an initial 50% increase in initial cal- 
cium uptake rate. However, as the concentration of BSA 
was increased up to 0.7 mg./mg. mitochondrial protein, 
there was no further increase in its protective effect on 
the calcium transport mechanism. 


The Effect of Lysosomal Enzymes on Mitochondria 


Released lysosomal enzymes added to the mitochondria 
also produced inhibition of the calcium uptake. The 
titration of calcium uptake as a function of added lyso- 
somal acid phosphatase activity is shown in Figure 7. 
In a fashion similar to endotoxin, lysosomal enzymes at 
low concentrations induce an increased uptake of cal- 
cium. This increase, however, is very slight. At less than 
1 nmole of Pi/min./mg. of acid phosphatase activity the 
calcium uptake activity is inhibited. 


Discussion 


The specific translocation of calcium by the divalent 
cation carrier may function to alter the availability of 
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calcium in the cytoplasm. The sequestration of intracel- 
lular caleium has been shown to be important to the 
contractile function of muscle cells. In the muscle cell 
this functon is carried out by the sarcoplasmic reticulum. 
However, in cell types with poorly developed sarco- 
plasmic reticulum, the mitochondria can serve to com- 
partmentalize the intracellular calcium. Conversely, the 
translocation of calcium may serve to provide constancy 
of the intramitochondrial environment in the face of a 
changing cytoplasmic milieu. 

The carrier-mediated mechanism of calcium transport 
in normal mitochondria has been well described by Mela 
and Chance.® The divalent cation carrier is located in 
the inner membrane of the mitochondria. It is specific for 
calcium, strontium, and manganese. The transport of 
these cations by the divalent cation carrier is energy de- 
pendent, and either substrate oxidation or ATP is satis- 
factory as an energy source. In the absence of permeant 
anions, calcium is bound to the inner membrane of the 
mitochondria by this energy dependent divalent carrier. 
Upon addition of permeant anions to the mitochon- 
drial suspension calcium moves into the matrix of the 
mitochondria and more calcium can then be transported 
to the inner mitochondrial membrane. The effect of 
endotoxin and released lysosomal enzymes on the specific 
carrier-mediated calcium transport was examined. Jon 
translocation is one mitochondrial function that requires 
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an intact electron transfer system that is coupled to the 
phosphorylating mechanism. As such, it provides a useful 
parameter to evaluate the effects of various pathological 
conditions on mitochondrial function. 

As can be seen in Figure 2 endotoxin has a marked 
inhibitory effect on energy dependent calcium transport. 
The concentration of endotoxin required to produce in- 
hibition of calcium transport is 40-50 „g of endotoxin/ 
mg. of mitochondrial protein. Below this concentration of 
endotoxin the initial calcium uptake rates appear to be 
accelerated. Previous in vitro studies have shown that 
mitochondrial ATPase activity is also inhibited by 45 ug 
of endotoxin/mg. of mitochondrial protein; substrate 
oxidation is inhibited by 70-80 ug endotoxin/mg. of mito- 
chondrial protein.™®1? Therefore, other mitochondrial 
membrane functions are inhibited by a concentration of 
endotoxin very similar to that required to inhibit calcium 
transport by the divalent cation carrier. It is this gen- 
eralized injury to the mitochondrial membrane that could 
account for many of the changes seen in the clinical pic- 
ture of endotoxin shock. The mitochondrion is the site of 
utilization of most of the oxygen consumed by the body. 
The fall in total bcdy oxygen consumption seen in endo- 
toxin shock may well be a reflection of the impaired 
ability of the mitochondrion to utilize oxygen. 
` To further define the role of endotoxin as an inhibitor 
of the divalent cation carrier, data were obtained to per- 
form a Dixon plot. This can be seen in Figure 4. The 
reciprocal of the initial rate of calcium uptake is plotted 
against endotoxin concentration using two different con- 
centrations of calcium. From the intercept of the two 
slopes behind the ordinate it appears that under these 
conditions endotoxin is acting as a non-competitive in- 
hibitor. 

Lanthanum is also a non-competitive inhibitor of the 
divalent cation carrier. It has shown to be extremely 
specific in its action, on mitochondria. For this reason 
we examined the effect of endotoxin, a generalized in- 
hibitor of mitochondrial function, in the presence of a 
very specific inhibitor, lanthanum. In Figure 5, lantha- 
num, 0.8 nmoles/mg. of mitochondrial protein, was used 
to produce an 80% inhibition of calcium uptake in the 
absence of endotcxin. Two titrations of calcium uptake 
rate against endotoxin concentration were then per- 
formed. It is clear that in the presence of lanthanum the 
inhibition of calcium uptake by endotoxin is very similar 
to the inhibition produced by endotoxin alone (rat liver 
mitochondria and endotoxin). This suggests that endo- 
toxin is acting on the mitochondrial membrane in a more 
generalized fashion than lanthanum. The inhibition of 
ATPase and state 3 respiration by endotoxin supports the 
hypothesis that there is a generalized injury to the mito- 
chondrial membrane by endotoxin.” 

Numerous studies have shown the capability of local 
anesthetics to interact with the mitochondrial membrane 
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and activate calcium transport. +" We, therefore, elected 
to investigate the possibility that local anesthetics could 
have a protective effect on mitochondrial calcium uptake 
in the presence of endotoxin. In Figure 6, the position of 
the curve indicative of the inhibition of calcium uptake 
by endotoxin is the same in the presence or absence of 
dibucaine. Increasing the concentration of dibucaine over 
the 42 nmoles/mg. of mitochondrial protein used in this 
experiment does not have any further facilitative effect on 
the calcium uptake rates. Thus, there is no protective ef- 
fect on mitochondrial calcium transport in the presence of 
endotoxin, 

Again, in Figure 6, the initial rise of the curve demon- 
strates that activation by the local anesthetic persists even 
in the presence of a concentration of endotoxin that 
causes partial inhibition of calcium transport. It has been 
postulated that the local anesthetic blocks the non-specific 
calcium binding sites and thereby increases the amount 
of calcium available to the specific divalent cation carrier. 
The non-specific binding sites have been shown by others 
to exist at a concentration of about 40 nmoles/mg. pro- 
tein.® This was confirmed by our experiments. 

At very low concentrations of endotoxin (10-40 ug/mg. 
of mitochondrial protein) the rate of calcium uptake 
appears accelerated (Fig. 2). This is probably due to 
damage to the mitochondrial membrane resulting in an 
increased number of non-specific cation binding sites 
that are not energy-dependent. Scarpa and Azzi 1+ have 
shown that submitochondrial particles produced by soni- 
cation bind more calcium than intact mitochondria. They 
have also shown that the energy independent calcium 
binding site is an anionic phospholipid. The increased 
nonspecific binding of calcium is also seen at low con- 
centrations of endotoxin in the presence of dibucaine. 
From Figure 6 it can be seen that even in the presence 
of dibucaine there is an increase in initial calcium uptake 
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rates at low concentrations of endotoxin. This indicates 
that not all of the non-specific, energy-independent cal- 
cium binding sites are occupied by dibucaine. Figure 3 
demonstrates that in the absence of an energy source, 
without which no transport can occur, there is still a 
slow uptake of calcium by mitochondria if endotoxin is 
present. This indicates that the calcium binding rate, at 
low concentrations of endotoxin, is indeed energy inde- 
pendent and simply related to a direct effect of endotoxin 
producing increased binding to a generally damaged 
mitoehondrial membrane, without actual facilitation of 
calcium transport. 

Lysosomal enzyme release has been considered by 
some to be a significant event in the pathogenesis of endo- 
toxin shock. In endotoxin shock the number of these 
"suicide packets" has been shown to decrease in liver, 
small bowel, and spleen concomitantly with a rise in the 
serum level of lysosomal enzyme activity. Figure 6 shows 
that calcium uptake by mitochondria can be inhibited 
by lysosomal enzymes. This would lend credence to the 
idea that the lyscsome plays an important role in endo- 
toxin shock. 

This work delineates an additional pathologic effect 
of endotoxin on the cell. The eventual death of the cell, 
as a result of sepsis, may in fact, be the result of multiple 
insults to several distinct transport sites on the mito- 
chondrial membrane. Since the mitochondria from endo- 
toxemic rats show normal ATPase activity after sonica- 
tion, it is possible that the translocation of ATP could also 
be defective (unpublished observation). A failure of 
ADP translocation could also explain the slowing of state 
3 respiration seen in mitochondria of rats dying from 
endotoxin shock. A decrease in the intracellular high 
energy phosphates has been suggested.!* 

The effect of endotoxin would indeed appear to be at 
the cellular level and intimately associated with oxygen 
utilization. The accumulation of lactate, narrowing of the 
arterial-venous oxygen difference, and decreased oxygen 
consumption seen in endotoxin shock support this idea. 

. Changes such as increased cardiac output, increased pulse 
rate, and decreased total peripheral resistance can be 
considered to be secondary compensatory mechanisms. 


Summary 


The effect of endotoxin and lysosomal enzymes on 
calcium transport by rat liver mitochondrie was examined. 
The initial rates of calcium uptake were determined; 
using the cation indicator, murexide, in the dual wave- 
length spectrophotometer. Both endotoxin and released 
lysosomal enzymes produce a marked inhibition of the 
initial rates of energy dependent calcium uptake by 
mitochondria. The mitochondrial rate of calcium uptake 

- is not protected from the effects of endotoxin by the local 
anesthetic, dibucaine. Endotoxin concentration of less 
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than 40 ,g/mg. mitochondrial protein increases the 
energy-independent binding of calcium by the mitochon- 
dria. These findings tend to support the hypothesis that 
the primary effect of endotoxin is as a cellülar toxin, af- 
fecting membrane transport. 
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Biochemical and Hematological Changes Associated with 
Massive Transfusion of ACD-Stored Blood in Severely Injured 


Combat Casualties 


C. J. KOPRIVA,* J. L. RATLIFF,** J. R. FLETCHER,*** N. L. FORTIER,t 


URGICAL CARE Of seriously injured patients usually in- 
S volves transfusion of large volumes of acid-citrate- 
dextrose—( ACD) stored blood. It has been shown that 
ACD-collected red cells that are stored for 7 days at 4 C 


have an increased affinity for oxygen, manifested by a: 


shift of the oxyhemoglobin dissociation curve to the 
left.1.5.9,26,55,55,9 This increased affinity for oxygen cor- 
relates principally to the decreased level of the or- 
ganic phosphate compound, 2,3 diphosphoglycerate (2,3 
DPG).1+° The increased affinity for oxygen of ACD- 
collected blood after storage at 4 C for longer than 7 


.days was first described by Valtis and Kennedy.*9* 


During this storage period the red cell level of 23 DPG 
falls substantially, whereas only a slight decrease in the 


. red cell adenosine triphosphate (ATP) level occurs.?:3? 


Valtis and Kennedy also reported that after transfusion 
of red cells that have increased affinity for oxygen, in 
vivo restoration of the oxyhemoglobin dissociation curve 
usually occurs within 24 hours.5^*! The rate of in vivo 
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restoration is influenced by the quantity and quality of 
the preserved red cells that are transfused as well as by 
the physical condition of the patient. O'Brien and Wat- 
kins 2? reported that when 4,000 ml. of ACD blood that 
had been stored for 13 days at 4 C was transfused during 
extra-corporeal circulation, slow in vivo restoration of 
the oxyhemoglobin dissociation curve occurred. Valeri 
and Collins 355? have recently reported on the transfusion 
of 3 to 5 units of washed, liquid-preserved red cells that 
were depleted of 2,3 DPG and had high affinity for 
oxygen. Immediately after transfusion the systemic 
artetio-venous difference in oxygen content was sub- 
stantially decreased, but within 4 hours it had returned 
towards normal, accompanied by partial restoration of 
red cell 2,3 DPG and an increase in the p50 value of the 
oxyhemoglobin dissociation curve (partial pressure of 
oxygen, millimeters of mercury, at which 50 per cent 
of the hemoglobin is oxygenated), The rapid infusion of 
at least 12 ünits of stored blood results in an exchange 
transfusion of circulating red cells that have low red cell 
2,3 DPG levels and a high affinity for oxygen. 

This paper reports the changes in red cell levels of 2,3 
DPG and creatine, venous blood pH, and other peripheral 
blood measurements after massive transfusion of ACD- 
stored blood to seriously injured combat casualties. 


Materials and Methods 


Each of 31 severely injured combat casualties had re- 
ceived at least 12 units of whole blood. Some of the blood 
had been stored in acid-citrate-dextrose (500 ml. of whole 
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blood collected in 75 ml. of ACD, National Institutes of 
Health, Formula A) far at least 14 days after collection 
(referred to in this report as stored. blood), and some 
of it was transfused within 24 hours of collection (referred 
to as fresh blood). Most of the stored blood had been 
collected in the United States and air-shipped to South 
Vietnam, while all of the fresh blood was collected in 
South Vietnam. Venous blood samples were obtained 
from each patient during or immediately after operation 
on multiple traumatic injuries. The first sample of blood 
was obtained immediately after 12 or more units of 
blood had been given: the time of this initial sampling 
is referred to as "0 Hour". Additional samples were ob- 
tained 12, 48, and 120 hours after tlie initial sample. In 
mariy cases the first blood sample was obtained while 
the patient was still under general anesthesia. The length 
of time for administration of 12 units of blood ranged 
from 2 to 8 hours. In some cases no 120-hour sample was 
drawn because the patient had been evacuated. Most of 
the patients remained febrile (99 to 103°F) during the 
period of this study. It was often necessary to transfuse 
both ACD-stored and fresh blood between the sampling 
periods because of postoperative bleeding (Fig. 1). 

The mean corpuscular hemoglobin concentration 
(MCHC, %) was derived from the microhematocrit and 
the hemoglobin concentration, as measured by the cyan- 
methemoglobin method.!° Venous blood pH was meas- 
ured with a pH/gas analyzer at 37 C. 
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Immediately after collection 2 ml. of heparinated 
whole blood was deproteinized with 4 ml. of cold 6$ 
perchloric acid, the mixture was agitated and centrifuged, 
and the supernatant solution was neutralized with potas- 
sium hydroxide. Another sample of whole blood was then 
centrifuged, and 2 ml. of plasma was deproteinized with 
4 ml. of perchloric acid solution and neutralized as de- 
scribed &bove. The extracts was stored at —20 to —40 C 
for up to 1 year. The 2,3 diphosphoglycerate (2,3 DPG) 
in the extracts was measured in duplicate as described by 
Keitt. Since 2,3 DPG exists predominantly in the red 
cells, the level of 2,3 DPG is reported as umoles per gram 
of hemoglobin. Creatine was measured spectrophoto- 
metrically in both the plasma and whole blood extracts. 
Since plasma creatine was present, the whole blood ex- 
tract was corrected for the plasma fraction, and creatine 
is reported in umoles per Gm. of cellular hemoglobin, 
and umoles per ml. of plasma. Whole blood lactate 
(umoles per ml. whole blood) was measured spectro- 
photometrically using enzymatic kits9^ and plasma 
phosphorus was measured by the Fiske and Subbarow 
method.” , 

Routine intensive clinical treatment, including fluid 
administration, antibiotics, oxygen administration, and 
respiratory care was performed as indicated. 

Control subjects for this study were 16 healthy Marines 
on duty in South Vietnam. Their smoking habits varied 
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from no smoking to smoking as many as four packages of 
cigarettes a day. 


Results 


The 31 patients were analyzed first as a single group. 
They were then divided into two groups: (a) those who 
received only stored blood (7), and (b) those who re- 
ceived both stored and fresh blood (24). The mean 
and standard deviations (=+S.D.) for each measurement 
at each time of sampling are reported for both the group 
of patients and the group of healthy controls (Fig. 1). 

At the initial sampling (^0 Hour"), the red cell 2,3 
DPG level (t = 8.65, p < 0.002, degrees of freedom 
(df) = 45) was significantly lower in the patient group 
than in the control group, whereas the plasma inorganic 
phosphorus level (t — —3. 13, p « 0.01, df — 45) and 
the venous blood lactic acid level (t = —5.09, p < 0.002, 
df = 45) were significantly higher in the patient group." 
The red cell ereatine level in the patient group was not 
significantly different from that in the control group (t — 
—0.99, p > 0.2, df = 45). 

Comparisons were made of the measurements at each 
period (0-12, 0-48, and 0-120 hours). At each of the 
periods there was a significant increase in both the red 
cell 2,3 DPG level (t = —5.99, p « 0.001, df = 29) and 


the venous blood pH value (t = —3.90, p < 0.001, df =. 


30), and a significant decrease in the plasma inorganic 
phosphorus (t = 8.42, p < 0.001, df = 29) and lactic 
acid levels (t = 6.03, p < 0.001, df = 30). There was no 
significant change in the red cell creatine level during 
the 0-12 hour period, but there was a significant increase 
during the 12-48 (t — —3.10, p « 0.01, df — 24), and 
48-120 hour (t = —5.56, p « 0.001, df — 11) periods. At 
the time of initial sampling there was a significant cor- 
relation between venous blood pH and venous blood 
lactic acid (r = —0.563, p < 0.002, n = 28). Throughout 
the study; the mean hematocrit was less than 35 V and 
no significant change in hematocrit level was observed 
throughout the sampling ( Fig. 1). 

It has been reported that levels of red cell 2,3 DPG 
are higher in ACD-collected whole blood that has been 
stored at 4 C up to 24 hours than in ACD-collected whole 


. blood that has been stored at 4 C for at least 14 days? 


and that they are even higher in fresh blood. Seven of 
the 31 patients received no fresh blood at any time during 
the study. The remaining 24 patients received both stored 
and fresh blood before the first sample was drawn. There 
was no significant difference in the red cell 2,3 DPG 
levels in these two groups at any time during the study. 

Plasma creatine levels at the 48- and 120-hour sampling 
periods were higher in four patients who postoperatively 
developed severe systemic sepsis than they were in the 
27 patients without sepsis. 

There was a significant correlation between the red 
cell 2,3 DPG level and the red cell creatine level at all 
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sampling periods (r = 
93) (Fig. 2). 


0.640, t = 7.946, p < 0.002, n = 


Discussion 


When at least 12 units of whole blood that had been 
stored at 4 C for at least 2 weeks were administered to 
the severely wounded individuals, the red cell 2,3 DPG 
level (4.8 + 2.8 umoles/g Hb, mean + S.D.) was about 
half the normal value (11.9 + 2.2 umoles/g Hb). Within 
12 hours after the initial sample, the 2,3 DPG level was 
89 = 2.8 umoles/g Hb, approximately 75 per cent of 
the normal value. Forty-eight hours after the initial 
sample it was within normal limits, and 5 days after the 
initial sample it was significantly higher than the normal 
value (Fig. 1). The rate of restoration of red cell 2,3 
DPG observed in this study appeared to be faster than 
that previously reported by Valeri et aL,?35 and similar 
to that reported by Beutler and Wood. Differences in 
the reported rates of restoration can be explained prin- 
cipally by the physical condition of the patients; ie., 
acid-base status, degree of anemia, cardiorespiratory 
function, and the plasma inorganic phosphorus level. 

The red cell 2,3 DPG level has been found to be af- 
fected by the recipient's acid-base status; severe acidosis 
reduces this level while alkalosis increases it.2-14.1620,21, 
31,82 Astrup ? has stressed that the mean red cell pH is 
the main determinant of the intraerythrocytic concentra- 
tion of 2,3 DPG. There is clearly a relation between the 
mechanisms responsible for changes in red cell 2,3 DPG 
in vivo during hypoxic states and the red cell pH. The 
red cell 2,3 DPG level increased immediately after trans- 
fusion at a time when the venous blood pH increased. 

In our study, the acidosis observed at the time of the 
initial blood sample probably reflected the low pH of 
the transfused blood and the decreased tissue perfusion 
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related to the hypovolemic state of the patient. Effective 
circulation was established after treatment with blood, 
fluid administration, and oxygen and respiratory care. 
The alkalosis observed at the 12-hour period and there- 
after may have represented the effect of both massive 
blood replacement, and the hyperventilation response to 
anemia, arterial hypoxemia, and fever.*9?5 Alkalosis is 
an excellent stimulus for increasing red cell glycolysis 
and red cell 2,3 DPG level].?:14.31,32 

Several investigators have reported the influence of 
serum inorganic phosphate on red cell organic phosphate 
compounds, 2,3 DPG and ATP.*:?-*481 Lichtman and 
associates ??-?* have shown that elevated serum inorganic 
phosphate levels produce increased red cell 2,3 DPG 
and ATP levels, whereas decreased serum phosphate 
levels produce decreased red cell ATP and 2,3 DPG 
levels. A relation exists between red cell organic phos- 
phate compounds and red cell affinity for oxygen: in- 
creased levels of red cell 2,3 DPG and ATP decrease the 
red cell affinity for oxygen, while decreased levels of 
ATP and 2,3 DPG increase red cell affinity for oxygen. 

Both the systemic alkalosis and the elevated plasma 
inorganic phosphate levels provided environmental con- 
ditions for rapid restoration of the red cell 2,3 DPG level. 
The increased level of red cell 2,3 DPG observed 5 days 
after the initial sample was similar to observations of 
Broennle and associates,? and Proctor and collaborators.?? 
It reflected an attempt by circulating red cells to com- 
pensate for an impairment in the supply of oxygen to 
tissue by facilitating the release of oxygen from the red 
cells. Hypoxic hypoxia (pulmonary ),1*20212837 stagnant 
hypoxia (cardiovascular), and anemic hypoxia (red 
cell mass deficit) 3436.37 all increase red cell levels of 2,3 
DFG in patients with normal or elevated blood pH. 

In our study a relation was observed between red cell 
levels of creatine and 2,3 DPG. Elevated levels of red 
cell creatine have been found to parallel increased con- 
centrations of 2,3 DPG in patients suffering from red cell 
mass deficits or from cardiopulmonary insufficiency.? 
Griffiths and Fitzpatrick !5 demonstrated that red cell 
creatine concentration rises with increased erythropoiesis; 
they concluded that the level of creatine in the circulat- 
ing red cell is a sensitive indicator of the mean age of 
the red cell population. Increased red cell creatine usu- 
ally indicates a "young" mean red cell population, while 
decreased red cell creatine usually indicates an "old" 
mean red cell population. The red cell 2,3 DPG level 
may also be an indication of the mean age of the red 
cell population, since young red cells contain more 2,3 
DPG than do old red cells.? Red cell levels of 2,5 DPG 
and creatine may reflect, in addition, responses to environ- 
mental influences on the circulating mature red cell. The 
role of creatine in the red cell remains obscure. 
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Summary 


Severely injured battle casualties each received at least 
12 units of ACD-collected whole blood. Measurements of 
2,3 diphosphoglycerate (2,3 DPG), plasma inorganic 
phosphate, venous blood pH, whole blood lactic acid, 
plasma creatine, and red cell creatine were undertaken. 

The red cell 2,3 DPG level rose rapidly during the first 
12 hours post-transfusion, but was within normal range 
48 hours after initial sampling. The rapid increase in the 
red cell 2,3 DPG level during the first 12 hours was as- 
sociated with an increase in the venous whole blood pH. 
Transfusion of a combination of fresh and stored blood 
did not appear to influence either the initial or sub- 
sequent red cell 2,3 DPG levels. 

Between 48 and 120 hours post-transfusion, red cell 
levels o both 2,3 DPG and creatine were higher than 
normal; a significant correlation was observed between 
these two values. It has been shown that red cell 2,5 DPG 
facilitates the release of oxygen from red cells and that 
an increase in red cell 2,3 DPG is a compensatory mecha- 
nism for delivery of more oxygen to tissue. The role of 
red cell creatine remains obscure, however. 
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Operative Treatment of Renovascular Hypertension: 


A Study of 60 Consecutive Patients with Follow-up Findings between 1 and 7 


HE PROGNOSIS of patients with arterial hypertension 
j Es improved considerably with advances in medical 
treatment, but when the etiology is renovascular, surgical 
treatment should be seriously considered. Young patients 
with congenital anomalies or fibromuscular hyperplasia, 
and older patients, with atheromatous stenosis of the 
renal artery fall distinctly into this surgical group when 
hypertension is progressive despite medical treatment. 
There can only be reservations when diagnosis cannot be 
certain, and when widespread arteriosclerosis seems to 
contraindicate surgical treatment. 

This is a study of 60 consecutive patients operated 
upon for renovascular hypertension. Special reference is 
made to diagnosis, complications of operation, mortality, 
and the results of follow-up studies from 1 to 7 years 
postoperatively. 


Material and Methods 


The patients were treated in the period from 1963 to 
1970. There were 36 males aged between six and 71 
years, and 24 females aged between 16 and 61 years. 
Forty-two patients, of average age 49 years, hed athero- 
matous stenosis of one or both renal arteries, but two 
with slight stenosis were considered, in retrospect, to 
have essential hypertension: 10 patients, of average age 
32 years, had fibromuscular hyperplasia: four patients, 
. aged between six and 24 years, had segmental hypoplasia 
or aneurysm of the renal artery: two patients had trauma- 
tic renal lesions: and. two had unilateral atrophic kid- 
neys—the result of chronic pyelonephritis (Table 1). 





Submitted for publication October 4, 1971. : 
Request reprints: B. Nerstrgm, M.D., Surgical Dept. D, 2112 
Rigshospitalet, Copenhagen, 2100 @. Denmark. 


Years Postoperatively 


B. NERSTROM, H. C. ENGELL 


From the Surgical Department D, Vascular Section, 
Rigshospitalet, Copenhagen, Denmark 


Forty-nine patients had unilateral disease—12 had 
total occlusion of the artery. Some function was preserved 
in six of the total occlusions in which collateral circula- 
tion was well developed.? Eleven patients had bilateral 
disease: there was stenosis of both arteries in eight; 
stenosis of one artery, and a contralateral atrophic kid- 
ney in two patients; and the last patient, a 6-year-old 
boy, had severe stenosis of his remaining renal artery, 
having undergone nephrectomy. 

Duration of symptoms before operation varied from 
few months to 12 years (average 3 years). Preoperative 
diastolic pressures ranged from 100 to 180 mm. Hg (aver- 
age 133 mm. Hg), and 23 of the patients were under 
intensive medical treatment at the time of blood pressure 
(BP) measurement. All but one of the patients had 
retinal changes: 30 had grade III or IV retinopathies, 
two had retinal hemorrhages which severely impaired 
vision. Two patients had hypertensive encephalopathies, 
and 16 had hypertensive heart disease. Five of the latter 
were admitted in cardiac failure. Eleven patients had 
serum creatinine levels between 15 and 29 mg./l. Wide- 
spread atheroma was common in the arteriosclerosis 


group, 10 of whom had severe changes in the abdominal 


aorta, one had a subclavian stenosis and one had bilateral 
carotid stenosis. 


Diagnostic Procedures 


Urea infusion urography which was performed in 55 
patients indicated possible ischemic lesions in 47 in- 
stances which were confirmed by angiography. The 
urograms indicated bilateral disease in three of six pa- 
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tients with bilateral stenosis, but pointed only to the 
more severely affected side in the other three. 

In two instances urograms were apparently normal, 
but one patient (Case 18) had mild unilateral, and the 
other (Case 35) mild bilateral, stenosis. In retrospect 


‘both were classified as essential hypertensive patients. 


There were no false positive findings, but there were 
six false negative findings. 

UIT hippurate renography was performed in 51 pa- 
tients. Interpretation was based on visual evaluation of 
renograms. Forty-one were abnormal,:and angiograms 
showed arterial stenosis. In five patients with bilateral 
lesions, renograms indicated only unilateral disease in 
three cases. One patient (Case 35), later thought to have 
essential hypertension, had normal renograms. 

There were two false positive, and seven false negative 
findings. 

Only two patients had false negative urograms and 
false negative renograms. 

Renal angiography was undertaken in all patients. 
Seriography was performed in all patients except a few 


studied at other hospitals. Contrast was injected through 


a percutaneous femoral artery catheter into the aorta 
above the renal arteries. Both renal arteries were demon- 
strated, except in one patient (Case 22) in whom selec- 
tive unilateral renal arteriography was performed on the 
suspect side. Repeat angiography 1 year later demon- 
strated pronounced bilateral stenosis. 

Conn’s disease and pheochromocytoma were excluded, 
when any suspicion was aroused, by aldosterone secre- 
tion and vanillylmandelic acid excretion studies. 


Preoperative Management 


Diuretics were discontinued about 10 days prior to 
operation, unless the patient had had heart failure. Long 
acting antihypertensive preparations were replaced by 
short acting Apresolin® 3 days before operation to avoid 
precipitous falls in blood pressure seen during operation 
in some early patients when this was not done. No anti- 
hypertensive agents were given on the day of operation. 
Such treatment was resumed 2 weeks postoperatively if 
hypertension persisted. If arterial reconstruction was 
contemplated, the anticoagulant phenprocumonum NFN 
(Marcoumar® ) was given, the prothrombin/proconvertin 
time was controlled at about 20%. 


Anesthesia and Surgical Procedures 


In general, fluothane anesthesia was given, replaced 
by cyclopropane if serum creatinine was elevated. When 


" bilateral procedures were performed, and when renal 


function depended on the kidney which was to be op- 
erated on, patients were surface cooled to an esophageal 
temperature of 32?C. Before arterial reconstructions, 
kidneys were perfused with 150-200 ml. Ringer’s lactate 


RENOVASCULAR HYPERTENSION 


591 














TABLE 1. Etiology of Hypertension in the 60 Patients 
Males Females Total 
Arteriosclerotic Stenosis 30 10 40 
Essential Hypertension (Moderate 1 1 2 
Arterioscl. Stenosis) 
Fibromuscular Hyperplasia 1 9 10 
Congenital Anomalies 2 2 4 
Traumatic Lesions 1 1 2 
Chronic Pyelonephritis 1 1 2 
Total 36 24 60 





solution at 4°C containing 10 mg. heparin and 2 Gm. 
lidocaine chloride per 1000 ml. The kidney was also 
packed with mashed frozen saline. 

Transverse upper abdominal incisions were made when 
reconstruction was planned, and the renal vessels and 
aorta were exposed after resecting the 10" rib(s) by 
mobilizing the hepatic and splenic flexures as required. 
The right renal artery was generally resected and anasto- 
mosed end-to-end to a segment of saphenous vein or in- 
ternal iliac artery which had been anastomosed end-to- 
side into the aorta below the crossing of the left renal 
vein. On the left, renal endarterectomy was generally 
performed, and saphenous vein patch grafts were used 
as necessary. In some patients a peritoneal incision to 
the left of the mesenteric root was used when one-stage 
bilateral procedures were planned and the flexures were 
not disturbed. Nephrectomies were performed through a 
retroperitonea] lumbar incision ( Table 2). 


Peroperative Investigations 


Cortical biopsies, bilateral when indicated, were per- 
formed for frozen section microscopy.* Juxtaglomerular 
apparatus (JGA) hyperplasia was believed to indicate 











TABLE 2. Surgical Procedures in 60 Patients Operated upon for 
Renovascular Hypertension. 
Vein patch angioplasty 3 
Endarterectomy (— patch) 3 
' Endarterectomy (+ patch) 16 
Reconstruction Resection & saphenous vein 
of renal artery graft 14 
Resection & hypogastric artery 
Unilateral graft 2 
operations Saphenous vein by-pass 1 
Resection of aneurysm 1 
Nephrectomy or Nephrectomy 11 
resection Pole resection 2 
Bilat. endarterectomy 4 
Reconstruction Endarterectomy and saphenous 
vein graft 1 
Bilateral 
operations 
Reconstruction Saphenous vein graft and 
and nephrectomy nephrectomy 1 
Laparotomy 1 
Total 60 





092 


hypertension of renovascular origin. The extent of par- 
enchymatous damage and vascular change made ne- 
phrectomy obligatory in some cases. 

Hemodynamic measurements were made before and 
after reconstructions. A 20-gauge needle connected 
to a Statham® transducer was used to measure pressure 
on either side of stenoses, A Nycotron® electromagnetic 
square wave flow meter was used in all cases for arterial, 
and sometimes also for venous, measurements. Duplicate 
determinations were made—30 sec. each—when BP was 
stable and the kidney had not been disturbed for at least 
15 min. The vascular resistance of the kidney? was 
calculated from the pressure/flow measurements: 


mean arterial pressure mm, Hg 
flow ml/min. 





Rp = 


Follow-up Studies 


Patients attended out-patient clinics, cr, occasionally, 
were seen by their general practitioners. Blood pressure 
was controlled, and ophthalmoscopy performed. If the 
hypertension did not regress, or recurred, patients were 
re-admitted for detailed study. 

Three gradings were made after at least 1 year’s ob- 
servation: normotensive, if diastolic pressures did not 
exceed 90 mm. Hg: improved, if diastolic pressure had 
fallen by at least 20 mm. Hg either without, or on re- 
duced, antihypertensive medication; and, otherwise, un- 
changed. 


Results 


Of the total 60 patients, eight had major per- or post- 
operative complications, Three (5%) died between the 
19th and 84th postoperative day. No patient under the 
age of 40 years died. 


Per- and Postoperative Complications 


Peroperative Cardiac Arrest: two patients: one un- 
eventful recovery, one fatality. 


Case 28. A 55-year-old woman had probable myocardial in- 
farction with pulmonary edema 1 week before operation. Cardiac 
arrest of short duratian occurred during operatior, and there were 
six further arrests within the following 3 days. She did not regain 
consciousness after the last arrest, and died on the 23rd day. A 
recent anterior wall infarct was found at postmortem. 


Postoperative Retroperitoneal Hemorrhage: 'Three pa- 
tients with arterial reconstruction were reoperated upon 
—there was one fatality: 


Case 10, A 48-year-old man with bilateral renal artery stenosis 
had undergone left renal artery reconstruction. Preoperative serum 
creatinine was 24 mg./l. He was in shock and had anuria follow- 
ing. hemorrhage. Peripheral circulation was restored after re- 
peated hemodialysis, but hypertension persisted. On the 18th 
postoperative day the patient had profuse bleeding from multiple 
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gastric ulcers. He died from uncontrollable hemorrhage on the 
19th day, following gastric resection. 

Hemorrhage from Gastric Ulcers: Of two patients— 
one died (Case 10 recorded above). 

Postoperative hypotension following nephrectomy giv- 
ing rise to anuria. 

Case 57. A 63-year-old man had a unilateral atrophic kidney 
and arterial ccclusion. Preoperative BP was 200/120 mm. Hg; 
he had exertional dyspnea and pulmonary stasis. No preoperative 
antihypertensive therapy was given. Nephrectomy was uncompli- 
cated and. blood loss was replaced. Postoperatively BP decreased to 
100/60 mm. Hg. Plasma expansion of approximately one litre was 
effected with human albumin, BP of 120/80 mm. Hg was sustained 
with a blood volume of 81 ml./Kg., and a central venous pressure 
of 14 cm H;O. He became anuric but recovered slowly under 
repeated hemodialyses. Three months later creatinine clearance 
was 15 ml./min., and BP was 125/80 mm. Hg. 


Aneurysm at the aortic anastomosis site developed in 
one patient with fatal outcome. 


Case 45. A 48-year-old woman had fibromuscular hyperplasia 
of the right renal artery. À vein graft was anastomosed between 
the resected arterial stump and the aorta. Hypertension persisted. 
One month later angiograms demonstrated a small aortic aneurysm 
at the site of anastomosis. Nephrectomy and repair of the aorta 
wall were performed. Nine days later the suture line ruptured. 
A mycotic aneurysm was resected at a third session, but the 
patient died 12 weeks later from hemorrhage following aortic 
rupture. 


Follow-up Findings 


This secticn concerns only patients observed for pe- 
riods longer than 1 year. 

Of the original 60 patients, 57 survived, but ten were 
operated upon within the last 12 months. 

Forty-seven patients thus remain, observed between 1 
and 7 years (average 27 months): Forty (85%) benefited 
from operation—28 were normotensive, and 12 improved. 

Of 34 patients undergoing artery reconstruction alone, 
29 (852) became either normotensive or improved. Anti- 
hypertensive medication at balf or less of the preopera- 
tive dose was continued in three of the improved pa- 
tients. 

Of 20 patients followed for more than 2 years, 17 (85%) 
were normotensive or improved, and of the 13 patients 
observed between 3 and 7 years, 11 (842) had main- 
tained the improved state observed after 1 year. 

The duration of hypertension before operation did not 
materially affect the results of operation (Table 3), but 
the chances of improvement seem to decrease with. age. 
Thus 90% below the age of 40 years improved, but only 
67% improved of those aged over 50 years. 


Peripheral Vascular Resistance (Rp) and Prognosis l 


Rp, following artery reconstruction was calculated in 
31 patients. Twenty of 21 patients with Rp < 0.6 im- 
proved. Of six patients with Rp > 0.7 only one improved. 
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In 15 patients who became normotensive Rp ranged from 
0.15 to 0.54 (mean Rp = 0.32). In ten patients who im- 
proved Rp ranged from 0.24 to 0.85 (mean Rp — 0.54). 
In the remaining six patients Rp ranged from 0.25 to 
1.4 (mean Rp = 0.90). Of these, two patients (Cases 10 
and 28) died in the postoperative period; three subse- 
quently underwent unilateral nephrectomy, whereafter 
one (Case 43) became normotensive, one improved 
(Case 9), and one died (Case 45). The last patient ( Case 
46) who had Rp = 0.25 became normotensive subsequent 
to contralateral nephrectomy. 


Early Postoperative Blood Pressure Changes and 
Prognosis 


Blood pressure decreased in all patients the morning 
after operation, and did not alter significantly over the 
first week. At the end of the second week (35 extant 
records) significant differences were observed which, in 
retrospect, seem to be related to late results, and there- 
fore may have prognostic significance. When diastolic 
pressure did not exceed 110 mm. Hg, only three of 28 


patients failed to maintain improvement. When diastolic 


pressure exceeded 110 mm. Hg, only one (Case 2) of 
seven patients subsequently showed improvement. 

Case 2. A 20-year-old girl had segmental hypoplasia of the 
right renal artery and sustained hypertension of 240/180 mm. Hg, 
despite massive antihypertensive therapy. Two weeks after arterial 
reconstruction, her BP was 200/160 mm. Hg without medication. 
After 72 months, and in the fourth month of pregnancy, her BP 
was 130/80 mm. Hg. 


Technical Failures 


Five of 21 right renal artery reconstructions failed. 
Angiographic studies between 1 week and 1 year post- 
operatively showed that three vein grafts had stenosed at 
the aortic anastomosis site (Cases 6, 22 & 26); an 
aneurysm had developed at the same site after another 
vein graft (Case 45); and stenosis had recurred follow- 
ing thromboendarterectomy and a patch graft in the 
fifth patient (Case 39). 

Of 26 left renal artery reconstructions, only one is 
known to have failed—a recurrent stenosis (Case 39). 
One other patient has recurrence of hypertension (Case 
34), but is not available for detailed investigation. 

Thus there were, at most, seven technical failures 


‘(15%) in 47 reconstructions, four of which occurred fol- 


lowing rightsided saphenous vein grafts (29% of those so 


‘treated ). 


` Repeated and Supplementary Procedures 


Reconstructive surgery was again undertaken in 3 pa- 


tients, in two'after 1 week, and in one after 1 year. 


Case 33. A 48-year-old man had arteriosclerotic stenosis of 
the left renal arterv diagnosed by selective arteriography. Angio- 


. grams which were taken 2 weeks postoperatively because of per- 
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TABLE 3. Duration of Hypertension and Surgical Results in 46 
Patients with Renovascular Hypertension. 











Duration of 

symptoms in years Total no. Died postopr. Final Failure 
<i 16 0 2 

1-4 21 3 3 

5-12 9 0 2 
Total 46 3 7 


sistent hypertension showed that the right renal artery. was 
stenosed, One year after reconstruction of this artery his BP was 
115/80 mm. Hg. 

Case 39. A 46-year-old man with bilateral arteriosclerotic 
stenosis had undergone bilateral reconstruction. Hypertension 
persisted after 2 weeks. Angiograms showed recurrent bilateral 
stenosis probably following intimal dissection after endarterectomy. 
A saphenous vein graft was substituted on the right side, and left 
nephrectomy was undertaken 5 months later. At 1 year follow-up 
after nephrectomy, his BP was 140/90 mm. Hg. 

Case 22, A 53-year-old man had arteriosclerotic stenosis of 
the right renal atery. After vein graft resection he became normo- 
tensive, but hypertension recurred after 7 months. The angiogram 
showed graft stenosis and the development of left renal a-tery 
stenosis. Bilateral reconstruction was undertaken 1 year after the 
first operation, and 25 months later his BP was 140/100 mm. Hg 
without medication. 


Subsequent nephrectomy or polar resection of the re- 
constructed kidney was performed in seven patients: five 
(Cases 9, 19, 26, 39 & 43) became normotensive after 
nephrectomy undertaken between one and 16 months 
after initial reconstruction: one patient (Case 45), men- 
tioned earlier, died: only temporary improvement fol- 
lowed upper pole resection after initial reconstruction of 
the larger of two arteries in a patient with fibromuscular 
hyperplasia ( Case 6). 

Secondary contralateral nephrectomy was performed in 
two patients. One patient (Case 10, see postoperative 
complications) became normotensive, and patient 46, 
who had moderate hypertensive vascular changes of the 
contralateral kidney at the time of arterial reconstruction, 
improved after nephrectomy 16 months later. 


Patients not Improved at Follow-up 


Seven patients at an average follow-up time of 24 
months were not improved: one patient (Case 6) had 
recurrent hypertension probably due to stenosis of the 
saphenous vein graft, but fibromuscular hyperplasia 
seemed to have progressed in the intrarenal arterial 
branches, Six never responded significantly to the opera- 
tive treatment. Two had unilateral nonfunctional pye- 
lonephritic kidneys which were removed; in two pa- 
tients the final diagnosis was essential hypertension. The 
first patient (Case 18), a 57-year-old woman with BP of 
250/130 mm. Hg, had normal urograms. Angiograms 
showed more than 50$ stenosis of the larger of two arter- 
ies supplying one kidney. At laparotomy no pressure 
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difference across the stenosis could be demonstrated at 
a flow of 280 ml./min., and biopsies showed that there 
was no JGA hyperplasia, and no hypertensive change in 
the kidney: the second patient (Case 35), a 47-year-old 
man with BP of 200/130 mm. Hg, had normal urograms 
and renograms. Angiograms showed moderate bilateral 
renal artery stenosis. At laparotomy pressure differences 
of 8 and 13 mm. Hg at 250 and 500 ml./min. flows, re- 
spectively, were found. Biopsies showed bilateral JGA 
hyperplasia and hypertensive changes. Bilateral recon- 
structions were performed, and pressure differences fell 
to 2 mm. Hg on both sides at flows of 290 and 600 ml./ 
min., respectively, Postoperative urograms and rénograms 
remained normal; of the two remaining patients (Case 
34), one underwent reconstruction of an arteriosclerotic 
stenosis and the other underwent resection of an ischemic 
upper pole. They have not undergone detailed post- 
operative investigation. In both, diastolic pressure was 
reduced from 125 to 110 mm. Hg, but this decrease does 
not meet the predetermined criterion of improvement. 


Late Mortality 


Three patients have died: one patient (Case 18) com- 
mitted suicide 3 years after laparotomy; one (Case 19) 
died because of superior mesenteric artery occlusion after 
16 months, and the third (Case 8) died from coronary 
occlusion after 66 months, having undergone crural am- 
putation after 49 months. Both patients had had arteri- 
osclerotic stenosis of the renal arteries. Both were normo- 
tensive until death. The postmortem study in Case 8 
showed that the reconstructed artery had a normal lumen 
with smooth thin endothelial lining of the disobliterated 
section and the patch graft. 


Discussion 


The value of urea infusion urography and I hippu- 
rate renography for use as screening tests for reno- 
vascular hypertension has been assessed in larger series.9 
$9 Both are fallible but were used as supplements to 
each other in this study, and gave false findings (nega- 
tive) in: only two patients (42). Smith et al.! have also 
found the double study to be a useful screening test. 

In general, we would not accept a diagnosis of reno- 
vascular hypertension if it was not confirmed by urog- 
raphy and renography. If there is any further suspicion, 
particularly of segmental ischemia not demonstrated by 
the functional tests, biopsies of frozen section are evalu- 
ated at laparotomy. 

Frozen section evaluation of JGA hyperplasia requires 
an experienced pathologist, but the biopsy studies gave 
valuable information in this series. All specimens were 
studied by the same pathologist: There was only one 
error in interpretation and this was made by the surgeon. 
At the time it was not appreciated that some degree of 
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JGA hyperplasia could follow the hypertensive vascular 
changes in the kidney of essential hypertension ( Faarup, 
personal communication.‘ ) 

Pressure and flow measurements in stenosed arteries 
are generally not of much diagnostic value, but, after 
reconstruction, renovascular resistance (Rp) ? was of con- 
siderable prognostic significance. During anesthesia, 
normal renal blood flow averages approximately 350 ml./ 
min., and mean arterial blood pressure approximately 
100 mm. Hg (Rp =: 100/350 = 0.3). Mean Rp in pa- 
tients eventually normotensive after reconstruction was 
0.32. Twenty of 21 patients with Rp 0.6 improved and 
the one patient, who did not improve, later became 
normotensive subsequent to contralateral nephrectomy. 
Thus double the normal Rp appears to be acceptable. 
Of six patients with Rp > 0.7 only one improved. Mea- 
surements were made after the artery had been undis- 
turbed for 15 min, but prolonged vasospasm may follow 
clamping, and the occasional patient may improve de- 
spite a peroperative Rp > 0.7. Nevertheless, if immediate 
relief of hypertension is believed to be essential, and the 
Rp is >0.7, we feel that immediate nephrectomy on the 
reconstructed side is indicated, provided that the other 
kidney functions adequately. In young patients with good 
cardiac reserve, we postpone the decision for some weeks 
if Rp does not exceed 0.85, and no irreversible cortical 
damage is apparent from biopsy studies. With Rp > 1.0, 
only poor function of the other kidney is taken to con- 
traindicate nephrectomy. 

The prognostic significance of the diastolic pressure 
after 2 weeks suggests that patients remain in the hospital 
for this period. When diastolic pressure remains above 
110 mm. Hg, the results may be accepted and medical 
treatment re-instituted, or repeat investigations, re- 
nography and angiography when indicated, may be 
undertaken with a view to further operation. 

The secondary operative procedure may be: 1) revision 
of the initial reconstruction, 2) nephrectomy on the re- 
constructed side, or 3) reconstruction or nephrectomy on 
the other side. 

The sooner a planned secondary reconstructive pro- 
cedure is performed the better, otherwise dissection of 
the renal vessels from the fibrous tissue reaction to the 
first operation becomes most difficult. 

Massive arterial thrombosis: after reconstruction dic- 
tates nephrectomy, and nephrectomy should also be con- 
templated if the kidney, despite successful arterial re- 
construction, is suspected of sustaining hypertension, as 
discussed above. 

Hypertension may be sustained by the kidney op- 
posite a reconstruction. If the kidney on the side of re- 
construction is well functioning, and the artery is of 
normal calibre, then the contralateral kidney should be 
removed, but time is generally not at a premium, and 
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one can.wait until a good result of the reconstruction is 
confirmed, and detailed function studies of both kidneys 
have been made. 

Ideally, bilateral stenoses should be corrected at one 


‘session, because persistent hypertension may increase 


risks in the postoperative period. When a one-stage pro- 
cedure has not been possible, we have operated on the 
other side within weeks of the first reconstruction. 

In accordance with the stated principles, further op- 
erative treatment was undertaken involving 12 kidneys 
in 10 patients with persistent or recurrent hypertension, 
between 2 weeks and 16 months after primary operation. 
Six became normotensive, two improved, one was un- 
changed, and one died. These results have encouraged 
an active policy whenever further operation seems at 
all practical. 

Three patients died postoperatively. Only one of these 
(Case 45) could reasonably have been expected to sur- 
vive for any length of time under a medical regimen. 
The remaining two patients with bilateral stenoses un- 
derwent operation as a last resort—one (Case 28) had 
clinical signs of myocardial infarction (confirmed at post- 
mortem); in the other (Case 10) frozen section of the 
peroperative biopsy showed advanced disease. In retro- 
spect, it is considered that assessment of these patients 
was incorrect. The former was unfit for operation, and 
no further procedure should have been undertaken in 
the latter when the biopsy report was received. 

Seven (15%) of the 47 follow-up patients had not im- 
proved, but none had deteriorated, as judged from the 
grade of hypertension and serum creatinine. The two 
patients with final diagnosis of essential hypertension are 
of interest. Such patients may have coincidental renal 
artery stenosis. Definitive diagnosis may be impossible, 
but when there is doubt laparotomy should be under- 
taken, and the subsequent procedure should be dictated 
by the hemodynamic and peroperative biopsy findings. 
Laparotomy and biopsy alone carry a minimal risk. 

Of the total 47 follow-up patients, 85% improved. Of 
the 34 in whom arterial reconstruction was undertaken as 
the sole or final procedure, also 85% improved. The pro- 
portion of reconstructions is high, but the results com- 
pare well with other series.79319111? Nevertheless re- 
construction in older patients with extensive atheroma is 
prone to technical failure. The main difficulty lies in 
clearing the aorta of atheromatous plaques in the vicinity 
of the ostia of the renal arteries, but careful selection of 
patients for operation is also necessary on other grounds. 
Relief of hypertension may predispose to local ischemia 
in the arteriosclerotic patient. Thus, one patient (Case 
8) who became normotensive, developed severe claudica- 
tion and crural amputation was necessary. Another (Case 
57) became anuric as the result of a marked response 
to operation. The postoperative systolic pressure was 
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lower than the preoperative diastolic. Immediate admin- 
istration of pressor agents might have spared this patient 
2 months of repeated hemodialyses, after which renal 
function was restored. 

Hypertensive cardiac failure, which responds to treat- 
ment, does not contraindicate operation. 

It is concluded that, in elderly arteriosclerotic patients 
with renovascular hypertension poorly controlled by 
medical treatment, or with deteriorating renal function, 
operation should be seriously considered. 

In younger patients with discrete atheromatous renal 
artery stenosis, and in young patients with fibromuscular 
hyperplasia, we feel that operation is indicated, and 
should be the treatment of choice. 


Summary 


A series of 60 patients operated upon for renovascular 
hypertension is presented. Common members of the 
group are young patients with fibromuscular hyperplasia 
and middle-aged patients with discrete atheroma. 

F orty-six of the total 60 patients underwent reconstruc- 
tion as the primary procedure. Secondary procedures, 
nephrectomy, contralateral nephrectomy, and further re- 
construction, were performed in 12 patients. Results 
were good. 

In the postoperative period, there were three deaths, 
and only one of these patients would presumably have 
survived for some years under a medical regimen. 

Forty-seven of the 60 patients have been followed for 
l to 7 years (average 27 months). Forty (85%) are 
normotensive or markedly improved. None of the seven 
patients who did not improve has deteriorated. Three 
patients, two of whom were normotensive, died between 
16 and 66 months post-operatively, from causes not as- 
sociated with the treatment of the hypertension. 

It can be difficult to differentiate between essential 
and renovascular hypertension. Renography and urog- 
raphy are necessary and are valuable diagnostic ad- 
juncts to angiography. If doubt remains, renal biopsies 
for frozen section evaluation should be taken at laparo- 
tomy. : 

Peripheral vascular resistance (Rp), measured per- 
operatively, is a fine prognostic pointer, and may indicate 
failure and allow adjustment of the planned procedure 
during the primary procedure itself. Also of value in esti- 
mating the operative result and prognosis is the diastolic 
pressure at 2 weeks. 

Many patients with renovascular etiology have pro- 
gressive or poorly controlled hypertension. We feel it 
would be wrong to withhold surgical treatment in these 
instances, and, therefore, no controlled comparison of 
medical and surgical results is possible. 

The only contraindications to operation are debility, 
widespread arteriosclerosis and uncertain diagnosis. 
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Analysis of Local Anatomic Factors that Influence the Survival 
Times of Pure Epidermal and Full-Thickness Skin Homografts 


VER THE PAST FEW YEARS considerable evidence of an 
O empirical nature has accrued that the life expect- 
ancy of homografts of tissues and organs may vary 
greatly when grafted across similar histocompatibility 
barriers. 

So far as free, or secondarily vascularized, homografts 
are concerned, two kinds of factors contribute to this 
variability: (1) Graft-specific or graft-associated factors, 
which include their cellularity, the density of distribution 
of various isoantigenic determinant sites on their various 
constitutive cells; the degree to which they are con- 
taminated by donor passenger cells of the leucocytic se- 
ries,* the extent and physico-chemical properties of their 
extracellular components and, finally, the abundance of 
blood vessels and lymphatics; (2) Host-site or graft-bed 
associated factors, which include vascularity, lymphatic 
drainage and capacity to give a so-called stromal re- 
sponse, including reactivity to angiogenic factors of graft 
origin.!? 

Natural or artificially created sites that have good 
vascularity but à poor or deficient lymphatic drainage 
(such as the brain, the hamsters cheek pouch and skin 
pedicle flaps dissected free from their hosts with the ex- 
ception of sustaining blood vessels) afford sanctuaries, 
or immunologically privileged sites, for homografts since 
such sites are characterized by a break in the afferent 
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limb of the immunologic reflex which prevents or at 
least delays the incitement of transplantation immu- 
nity.2333 

Although long regarded as representative of homo- 
grafts in general, the orthotopic skin graft, so easy to ex- 
ecute and convenient to study, is now recognized as one 
of the most fastidious of all homografts. Whether this 
state of affairs stems from peculiarities of skin per se or 
of the site to which it is normally transplanted has yet to 
be established.5 

In 1954 suggestive evidence was obtained that, in 
rabbits, homografts of pure epidermis, transplanted in 
open-style to full-thickness beds afforded by the richly 
vascular fascial plane overlying the intact panniculus 
carnosus muscle, have a slightly longer life expectancy 
than full-thickness ear skin grafts of comparable area. 
similarly transplanted.!5 The work that forms the sub- 
ject matter of this report was prompted initially by an 
attempt to confirm and elucidate this observation ir 
guinea pigs, using animals of two genetically disparate 
inbred strains. It will be shown that in this species both 
pure epidermal and full-thickness skin homografts trans- 
planted to extensive beds prepared by removing the skin 
from its underlying muscle may significantly outlive 
similar grafts transplanted to more superficial beds. Vari- 
ous lines of evidence will be presented that the paucity 
of lymphatic vessels in the substance of the panniculus 
carnosus muscle is responsible for the anomalous hos- 
pitality afforded to homografts placed upon it. 
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Adult guinea pigs of domestically maintained sublines 
of the isogenic strains #2 and #13 were used as donors 
and recipients respectively, without regard to sex. These 
strains are phenotypically tricolored—black, white and 
red—and differ at seven or eight histocompatibility loci, 
including a major one.1?-18 

In all experiments animals with black ears were used 
to provide the grafts, and hosts with white trunk skin 
were employed to take advantage of the epidermal 
melanocytes as markers.94 
Full-Thickness Ear Skin Grafts were prepared by punch- 
ing out discs from the pinnae with a 1 cm. diameter 
trephine and subsequently separating the thin, highly 
vascular and relatively hairless ear skin from the median 
ear cartilage. 

Pure Epidermal Grafts were separated enzymically from 
thin ear skin shavings of even thickness by treatment with 
a 0.5% solution of commercial trypsin in Hanks’ solution 
at pH 7.4 at 4?C.?? 

Split-Thickness and Full-Thickness Beds for fitted, full- 
thickness ear skin grafts were prepared in the carefully 
shaved host.skin with the aid of fine, curved scissors. 
The split-thickness beds to receive pure epidermal homo- 
grafts were wounds left behind after removal of a very 





Fitted full-thickness graft in split-thick- Fitted full-thickness graft in full- 
ness bed. thickness bed. 





: = 


Pure epidermal graft at center of exten- 
sive full-thickness bed. 


Pure epidermal graft on shallow 
split-thickness bed. 


Fitted full-thickness 
graft in split-thickness 
bed on animal with 
extensive full-thick- 
ness wound on con- 
tralateral side. 


(stress control) 





, Full-thickness graft on exten- 
sive full-thickness bed. 








Full-thickness graft in split-thickness bed in intact skin island at 
center of extensive full-thickness bed. 


Fic. 1a-g. Illustrating The various types of ear skin grafts and graft 
bed employed. 
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superficial leyer of skin with the aid of #11 straight- 
edged scalpel blade.9 

Extensive, Full-Thickness Beds. In guinea pigs, unlike 
rabbits, there is no natural cleavage plane that facilitates 
separation of the skin, with the aid of a scalpel, at the 
level where “he dermis is united to the highly vascular 
fascial planes immediately overlying the panniculus 
carnosus muscle on the lateral thoracic wall.” The only 
procedure by which full-thickness beds can rapidly be 
prepared in the former species entails defining the 
margins of tke required wound bed by vertical incisions 
made down to the panniculus, and then grasping the 
skin with a hemostat and avulsing it from its underlying 
connecticns in a cranial to caudal direction as a single 
intact sheet. The resultant wound bed is constituted by 
partially split, invariably damaged, panniculus muscle, 
totally deprived of its epimysium. The beds employed 
were rectangular in shape and ranged in lengths of side 
from 5.0 to 6.0 cm. 

Additicnal »perative details and the dressing procedure 

have been described in full elsewhere.!? Dressings were 
maintained on graft sites as long as unsurfaced granula- 
tion tissue was present. 
Visualization of Lymphatic Vessels and Their Draining 
Nodes was eifected by superficial intracutaneous injec- 
tion, via a #30 gauge needle, of a mixture of equal vol- 
umes of 2% aqueous solutions of Berlin Blue and Patent 
Blue V.3 


Observations 


Control data were afforded by two series of single, 1 
cm. diameter, full-thickness ear skin homografts carefully 
fitted into: (1) partial thickness (Fig. la) and (2) full- 
thickness beds cut down to, but not through, the host’s 
panniculus (Fig. Ib). The graft margins were in direct 
contact with those of the wound. As the results sum- 
marized in Table 1 (experiments a and b) show, the 
median survival times of both series of grafts were about 
1l days and none of the 17 grafts lived longer than 14 
days. 


Survival Times of Pure Epidermal Homografts 
Or. Extensive Full-Thickness Beds 


Each of 11 guinea pigs received a group of 4 or 5 
small ear skin epidermal homografts, of an aggregate 
area of approximately 2 cm?, placed close together at 
the center of a standard, extensive, full-thickness wound 
on the lateral thoracic wall (Fig. lc). The relatively 
large area of pure epidermis used represented an attempt 
to make the total population of homologous cells trans- 
planted comparable with that present in a 1 cm. diam- 
eter, full-thickness ear skin homograft. 

At the primary inspection, on the eighth postoperative 
day, the grafts appeared robust, hyperplastic and well 
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united to their beds. Cuticles could easily be peeled from 
them. Subsequently, through outgrowth and confluence 
of epithelium from the margins of individual grafts, a 
single sheet of homologous epidermis resulted which 
remained fairly constant in area because of the counter- 
balancing of the outgrowth of graft epidermis marginally, 
by overall contracture of the wound bed.? The survival 
end-point of this alien epidermis was evidenced by ac- 
cumulation of edema fluid beneath it, separating it from 
its bed, and its appearance as a necrotic layer of tissue. 

The survival time distribution of these pure epidermal 
homografts (Table 1, experiment c) indicated that their 
life expectancy was indeed superior to that of fitted full- 
thickness ear skin homografts. Five of 11 pure epidermal 
homografts lived for 18 days or more. To resolve the 
question whether the longevity of these pure epidermal 
homografts was due to a peculiarity of the bed to which 
they were transplanted or to some antigenic or structural 
shortcoming, e.g. avascular status, on their part, the fate 
of pure epidermal homografts on a split-thickness bed 
was investigated. 


Fate of Pure Epidermal Homografts 
on Split Thickness Beds 


When genetically compatible autografts or isografts of 
pure black ear skin epidermis are transplanted to very 
shallow, split-thickness beds prepared in white skin areas 
of spotted guinea pigs (Fig. 1d), the fate of grafted cells 
is conveniently revealed by the melanin-synthesizing 
activity of the included melanocytes. Ungrafted wounds 
of this type heal rapidly without contracture and with a 
cosmetically perfect end-result by the upward and out- 
ward migration of epithelium from the transected pilose- 
baceous units. If pure epidermal grafts are placed on 
freshly prepared split-thickness wounds, there is a com- 
mingling of graft and host cells to produce a superficial 
epidermis of composite orgin and grafted cells also be- 
come incorporated in some of the hair follicles that 
regenerate in the affected area.® 

In a control series of black epidermal isografts, ap- 
proximately 2 cm? in aggregate area, transplanted to very 
shallow, split-thickness beds on the trunks of strain #2 
and #13 hosts, the grafted areas were found to be com- 
pletely re-epithelialized by the ninth postoperative day. 
However, the new epithelium was almost totally depig- 
mented as a consequence of transient inactivity on the 
part of the incorporated melanocytes. However, during 
the next 3 to 6 days, it became progressively darker, 
through melanogenesis, so that by 16 to 18 days post- 
operatively most of the graft sites had become deeply 
pigmented. Fourteen to 17 days postoperatively, fine 
tips of regenerating hairs began to pierce the surface 
and a small proportion of these were observed to have 
undergone a transformation in color as a consequence of 
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incorporation of melanocytes from the graft into their 
matrices. By about the 30th postoperative day 20 to 50 
black hairs were present on the grafted areas. Since the 
latter were mechanically close-clipped at each inspection, 
carried out at 3 to 4-day intervals, the continued growth 
of black hairs provided evidence for the persistence of 
the incorporated pigment cells or their progeny by 
mitotic fission. 

In each of the 11 guinea pigs that received an ag- 
gregate dose of 2 cm? of pure epidermal homografts from 
pigmented ear skin, progressive darkening of the split- 
thickness graft sites occurred from about the ninth day 
onwards, as in the case of the isografts. However, in none 
of them did the superficial pigmentation become very 
intense because of the intervention of a fairly rapid fade- 
out or bleaching, usually associated with a low grade in- 
flammatory reaction interpreted as reflecting the de- 
struction of the grafted melanocytes and presumably the 
grafted keratinocytes or malpighian cells as well. It 
seemed reasonable to assume that the survival end-point 
of the grafted homologous epidermal tissue coincided 
fairly closely with the time at which the pigmentation 
began to fade out—a process that was complete in all 
animals save one by the 20th postoperative day (Table 1, 
experiment d). In no case did lesions develop in the 
continuity of the superficial epidermis, presumably on 
account of its binary origin, comprising both genetically 
compatible and incompatible cells, and the high degree 
of specificity of the homograft reaction at the cellular 
level. 

However, despite this cessation of melanogenesis in 
the superficial epidermis on the grafted areas, in 10/11 
animals a small number of black hairs began to pierce 
the surface from about the 14th postoperative day on- 
wards. The continued growth, and increase in number 
of these hairs, usually to a maximum of 30 to 50, was 
followed by inspections at 3 to 4-day intervals at which 
times the fur was close-clipped. Only on two animals 
did melanogenesis terminate abruptly, at 20 and 30 days 
postoperatively respectively, in the secondarily blackened 
hair follicles, This was evidenced by the finding of hair 
shafts that were black distally and white proximally, dis- 
playing a very abrupt transition from one color to the 
other. 

Nevertheless, in most animals there was a progressive 
diminution in the number of black hairs and a decrease 
in the intensity of their pigmentation, from black to a 
dirty, greyish-white. The diameters of these hair shafts 
also became thinner during this period. The last occasion 
on which there was pigmentation at the base of one or 
more hairs on a graft site was taken as the survival end- 
point of the intra-follicular melanocytes (Table 1, ex- 
periment d). 

These findings reinforce and extend those of an earlier 
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investigation showing that immunogenetically alien 
melanocytes established in the hair bulbs are less vulner- 
able to transplantation immunity than similar cells in 
the superficial epidermis—i.e. hair bulbs represent im- 
munologically privileged sites. 

Further evidence of a similar nature for this thesis was 
obtained by isolating flaps of skin, approximately 3 to 4 
cm. in.diameter from a guinea pig's flank, leaving a major 
artery and vein but not the draining lymphatics undis- 
turbed, and then immediately resuturing the flaps in 
place? Pure epidermal homografts were immediately 


` transplanted to split thickness beds cut in the centers of 


these replaced skin flaps. In 4/4 animals intense super- 
ficial pigmentation developed on the sites and persisted 
for about 30 days before bleaching out, whereas the black 
hairs that emerged continued to grow and maintain 
their pigment for 90, 90, 90 and 270 days respectively. 
In this experiment temporary interruption of the lym- 
phatic drainage enabled the superficial epidermal homo- 
graft to survive about twice as long as in a similar bed 
prepared in intact skin. 


The Fate of Full-Thickness Ear Skin Homografts 
Transplanted to Extensive Full-Thickness Beds 


Each of 12 guinea pigs received a single, 1 cm. diam- 
eter, ear skin homograft placed at the center of a stand- 
ard extensive, full-thickness wound (Fig. le). These 
grafts healed-in very promptly, were richly vascularized 
by the sixth postoperative day and by the ninth day each 
was ringed by a narrow annulus of epidermal outgrowth. 
The majority of these grafts outlived their controls—i.e. 
similar grafts fitted into split or full-thickness beds—by 
a significant margin (Table 1, experiment e). 

The fact that the homograft reaction in guinea pigs is 
not very susceptible to the action of corticosteroid hor- 
mones 3931! suggested that this prolongation of graft sur- 
vival was unlikely to be the result of stress caused simply 
by the large wounds. To evaluate this possibility directly, 
in each member of a panel of eight animals a large, full- 
thickness wound of standard size was prepared on the 
left side of the host's trunk and a standard full-thickness 
homograft was carefully fitted into a split-thickness bed 
on its right thoracic wall (Fig. 1£). The observation that 
none of these grafts lived longer than 13 days ( Table 1, 
experiment f) indicates that stress can have made no 
significant contribution to the longevity of the open-fit 
homografts on the extensive beds. 


The Fate of Full-Thickness Skin Homografts Inlaid 
in Central Islands of Intact Skin at the Centers of 
Extensive Full-Thickness Wounds 


All the observations so far presented are consistent with 
the premise that the hospitality of the extensive full- 
thickness graft beds is a result of paucity of draining 
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lymphatics, which are known to be necessary for ortho- 
topic skin homografts to elicit a response from their host. 
To test this possibility a series of standard full-thickness 
wounds were prepared in such a way that a rectangular 
central island of host skin, approximately 15 mm. x 15 
mm., was left intact at the center of each (Fig. 1g). A 
shallow, split-thickness graft bed was then cut out in 
each island and a full-thickness ear skin homograft fitted 
into it. These graft beds were found to be just as effective 
in prolonging the lives of homografts as those afforded 
by the extensive full-thickness wound beds ( Table 1, ex- 
periment g). 


Dye Injection Studies on Islands at the 
Centers of Full-Thickness Wound Beds 


Since superficial injection of a mixture of Berlin Blue 
and Patent Blue V dye affords a simple, fairly reliable 
means of revealing the lymphatic drainage pathways in 
intact skin, it was decided to use this method to study the 
lymphatic drainage status of intact skin islands at the 
centers of extensive full-thickness wounds. After the cen- 
tral islands had been created, the wounds were dressed 
and allowed to heal for a minimum of 6 days to enable 
epithelial migration to seal off the vertically cut dermal 
surfaces including transected lymphatic vessels of the 
central islands. Then, at various intervals, panels of two 
to four animals were anesthetized and dye was injected 
very superficially at several sites into these islands. A few 
minutes later the axillary, brachial and inguinal nodes 
and their surrounding area on that side of the body were 
carefully dissected to see whether dye had been trans- 
mitted to any of these nodes. The results of these tests, 
summarized in Table 2, show that in no animal did dye 
reach a regional node from a skin island of 6 or 7 days 
standing. However, in 50% of the animals in which islands 
were injected between the 8th and 14th postoperative 
days evidence of passage of dye into the regional axillary 
or brachial node was obtained. After 20 days, trans- 
mission of dye to the nodes was the rule. 

Indications of the reliability of this rather crude means 
of revealing lymphatic drainage were forthcoming from 
two series of tests: (1) In all animals, after carrying out 
the dye injection of the skin islands, dye was injected 


TABLE 2. Results of Dye Injections into Islands of Intact Skin Left at 
Centers of Extensive Full-Thickness Wounds 





Interval Between Preparation Number of Number in Which Dye 





of Skin Island and Animals Transmitted to a 
Dye Injection Tested Regional Lymph Node 
6 2 0 
7 2 0 
8 3 2 
10 2 0 
14 3 2 
20 4 4 
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into the intact skin on the left side of the trunk. Con- 
sistently this revealed an effective patent lymphatic drain- 
age system. (2) In animals in which dye was not 
transmitted from a central island, dye was subsequently 
injected into intact skin just cephalad to the anterior 
wound margin. Again in every case, lymphatic vessels 
were revealed and regional nodes became stained. 

' It seems reasonable to relate the varability in the dem- 
onstrability of a lymphatic drainage from an intact skin 
island at various postoperative periods with the observed 
variability i in the survival times of skin homografts inlaid 
into such islands. It is pertinent to mention that a mini- 
mum of 4 days’ contact with a standard, close-fit (Fig. 
l, a) bed is the minimal time necessary for an orthotopic 
skin homograft to evoke an effective level of transplanta- 
tion immunity in a host which probably then required 
another 4 days to attain fulfillment in the target graft.? 


Direct Test of Duration of Lymphatic Drainage Required 
to Procure Rejection of a Primary Skin Homograft 


To obtain a direct estimate of the minimal amount of 
time a host’s regional node system needs to be under con- 
tinuous stimulation by a freshly transplanted orthotopic 
skin homograft to procure its destruction the following 
tests were performed. 

Panels of strain #13 guinea pigs received standard full- 
thickness black ear skin homografts carefully fitted into 
split-thickness beds prepared in the skin of their right 
` flank. Then, after these grafts had been in residence for 
4, 5 or 6 days a circular flap of host skin, including the 
homograft, was carefully dissected in such a manner that 
its only connection with the host was a sustaining artery 
and vein. After closure of the donor site with sutures, the 
graft-bearing flap was housed in a plastic capsule, glued 
to the side of the animal's trunk and protected with ap- 
propriate dressings, according to the procedure described 
in full elsewhere.? The overall survival times of the grafts 
were then estimated on the basis of their outward ap- 
pearance. The results, summarized in Table 3, indicate 
that, with the particular donor-host guinea pig strain 


TABLE 3. Influence of Severance of Lymphatic Connections from 
Established Homografts, by Creation of Skin Flaps, on Their Survival 








Times 
Time of Severance of Number of 
Lymphatic Connections Animals” Survival Time of 
After Grafting Operation Tested Skin Grafts (Days) 
4 days | 7* 2x 30, 33, 37, 60,2 X 75 
5 days 5 11,2 X 13,2 X 14 
6 days 4 2X 11,12, 14 





* In all animals the grafts were cosmetically good until the day 
indicated. In some of them the grafts were subsequently lost non- 
specifically as a consequence of necrosis of the host flap, and in 
others there was progressive contracture of the grafts indicative 
of a chronic low-grade reaction against them. 
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combination employed, a host required a minimum of 5 
days lymphatic connection with a split-thickness bed 
bearing a fitted, full-thickness skin homograft to de- 
velop a sufficient level of hypersensitivity to reject the 
latter. 


Discussion 


The present findings indicate that in guinea pigs there 
is a significant variation in the expected survival of ortho- 
topic skin homografts, depending upon the depth of the 
bed to which they are transplanted and whether there 
is apposition of their margins to intact host skin forming 
the wound margin. Various lines of evidence implicate 
the richness or paucity of the lymphatic channels in the 
host tissue in direct contact with the homografts as the 
principal contributory factor to this variability. 

These observations are consonant with our demonstra- 
tion that, when skin graft-host lymphatic continuity. is 
completely and long, if not indefinitely, precluded by 
surgical artifice, rejection of homografts on unsensitized 
hosts either fails to occur or is at least greatly delayed. 
Previous efforts by Landsteiner and Chase ® and Frey 
and Wenk ® have shown that in guinea pigs lymphatic 
patency is likewise crucially important for eliciting de- 
layed hypersensitivity reactions to simple chemical aller- 
gens. 

In the experiments reported here, large beds were 
prepared on the flanks of guinea pigs by stripping off 
the full-thickness of the skin together with the epimysium 
of the underlying panniculus carnosus muscle, including 
both blood and lymph vessels contained in this layer. 
The resultant large, open aréas of traumatized muscle 
were shown, by means of dye injections, to be very poorly 
endowed with draining lymphatics, confirming similar 
observations of Landsteiner and Chase ™* and of Godert 74 
that skeletal muscle is sparsely supplied with lymphatics 
except those accompanying major blood vessels. When 
thin, full-thickness skin homografts were placed at the 
centers of these extensive wounds, so that the margins of 
the graft and host skin were widely separated, they sur- 
vived more than one and a half times as long as similar 
grafts accurately fitted into small, partial- thickness 
(dermal) beds or full-thickness beds comprising the in- 
tact panniculus carnosus muscle, where there was apposi- 
tion at the graft margins at dermal surfaces of graft and 
host skin, 

` The fact that in the rabbit there is no significant dif- 
ference between the survival times of fitted skin homo- 
grafts, and skin homografts transplanted in open style on 
the exposed panniculus in extensive wounds, may reflect 
the existence of a species variation in the anatomical 
location of the lymphatic supply. Alternatively, and more 
likely, it may be that because of the natural cleavage 
plane that exists between the dermis and the panniculus 
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carnosus in the rabbit, the principal lymphatic channels 
remain intact after the surgical preparation of full-thick- 
ness beds in this species.?5?6 

The much delayed, though eventual rejection of skin 
homografts transplanted to extensive, full-thickness beds 
in guinea pigs may be due to incompleteness and/or 
impermanence of the lymphatic discontinuity. A small 
residual island of intact host skin at the center of a large, 
open area of stripped panniculus carnosus provided a 
convenient site for dye injections to study this possibility. 
Six to 7 days after construction of such islands no staining 
of lymphatics or regional nodes occurred following dye 
injections. However, after 8 to 14 days evidence ‘of re- 
establishment of lymphatic continuity between a skin 
island and the regional nodes (presumably by opening 
up of collateral channels) was obtained in some animals. 
By 20 days lymphatic continuity was the rule. These 
observations were consistent with the delayed but in- 
evitable rejection of skin homografts inlaid in shallow 
beds cut in the dermis of such islands and serve to con- 
firm that lymphatic isolation must be complete arid per- 
manent if privileged sites of this type (dependent on 
interruption of the afferent pathway of the immunological 
reflex—as in the hamster's cheek pouch, the brain, and 
the isolated skin flap,) are to be very effective in prevent- 
ing skin homograft rejection. 

In the case of organ grafts, such as kidneys, prevention 
of the establishment of lymphatic continuity between 
graft and host is known to be futile as a means of homo- 
graft protection.?22*25 The basis of this discrepancy be- 
tween skin and organ homografts has yet to be estab- 
lished. Kidney grafts may:release much larger amounts 
of antigenic material—in subcellular form, as well as in 
the form of viable intact, contaminating passenger 
cells +9 directly into the host’s blood stream—than skin 
grafts. Another possibility, suggested by Strober and 
Gowans ® is that in the case of skin homografts the ag- 
gregate area of foreign vascular endothelial surface con- 
fronting circulating blood-borne host antigen-sensitive 
cells is insufficient to initiate peripheral sensitization. 

Medawar? speculated that even a small skin homo- 
graft could sensitize its host eventually by this mechanism 
if enough contact time was available for appropriate small 
lymphocytes to percolate repeatedly through its vascula- 
ture. This may indeed be the case as suggested by the 
results of Tillney and Gowans}? recent study in rats. 

In experiments in which homografts of pure black ear 
skin epidermis were transplanted to shallow, split-thick- 
ness beds prepared in white flank skin, it was found that 
alien melanocytes that became incorporated in the super- 
ficial epidermis rarely survived for longer than about 18 
days, as evidenced by the transient pigmentation they gave 
rise to. However, alien melanocytes that gained access 
to, and became incorporated in, the initially white hóst 


FULL-THICKNESS SKIN HOMOGRAFTS 


603 


hair follicles during the healing-in process of the epi- 
dermal grafts fared much better, as evidenced by the 
regeneration and persistent growth of some secondarily 
blackened hairs. In 5 of 14 animals pigmented hairs were 
still actively growing on the graft sites 100 days post- 
operatively, indicating survival of alien pigment cells. 
This confirms previous evidence suggesting that the hair 
matrix is an immunologically privileged site capable of 
conferring protection against an extant level of host sen- 
sitizatio upon alien epidermal components that are 
caused to become incorporated in it. It also suggests that 
postulated homeostatic cellular immunologic surveillance 
mechanisms 1” against the survival of abnormal or neo- 
plastic cells are inoperative within the mitotically active 
portion of the hair follicle. 


Summary 


Skin homografts transplanted to the centers of ex- 
tensive wounds prepared by removal of the full-thickness 
of the skin and the superficial levels of the panniculus 
carnosus muscle in guinea pigs significantly outlive 
similar grafts carefully fitted into shallower beds. Skin 
homografts inlaid in shallow beds cut in the dermis. of 
small islands of skin left intact at the centers of extensive 
areas of stripped panniculus carnosus also enjoy a signif- 
icant prolongation of survival. Dye injection studies 
sustained the. hypothesis that the longevity of the grafts 
in both situations is due to interruption of lymphatic con- 
tinuity in their beds. 

When homografts of pure pigmented epidermis were 
transplanted to shallow, split-thickness beds prepared 
in white host skin areas alien melanocytes that became 
incorporated in the superficial epidermis on the site were 
rejected within 13 to 18 days, as evidenced by the bleach- 
ing out of the pigmentation that developed. However, 
melanocytes from these grafts that become incorporated 
in the matrices of host hair follicles survived for very 
much longer as evidence by ! the emergence and continued 
growth for many weeks of numerous black hairs on the 
grafted area. This suggests that hair matrices áre im- 
munologically privileged sites capable of protecting alien 
melanocytes, and probably keratinocytes as well, against 
a state of systemic sensitivity in the host. 
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The Transsphincteric Approach to Mid and Low Rectal Villous 


ILLOUS ADENOMAS in the mid and lower rectal region 
V are frequently difficult to manage, due to the ana- 
tomical location and ambiguous nature of the tumor. 

Tumors so situated have been treated by a variety of 
methods. The simpler procedures of snare or electrical 
coagulation have been demonstrated to be inadequate, 
and anal excision is available only for low-lying tumors. 
Conversely, radical excisions are associated with a signifi- 
cant surgical risk. Therefore, a direct exposure of these 
rectal lesions is a very attractive alternative. 

The transsphincteric approach was first described by 
Bevan in 1917; more recently Mason?9?* has inde- 
pendently reported a modified method which provides 
a wider operative field and is less damaging to posterior 
attachments. None of the patients in the cases reported 
have developed fecal incontinence following this pro- 
cedure. In a similar fashion, the anterior part of the 
sphincter can be divided and repaired during labor with 
minimal complications.5 Thus, the full-thickness of the 
anal canal sphincter can be safely divided and recon- 
structed without fear of incontinence. Nonetheless, this 
simple and effective approach has not been widely 
adopted. It is appropriate, therefore, to explore the merits 
of this procedure with particular reference to its anatomi- 
cal features and the means of ensuring continence. 
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Adenoma: 


Anatomic Basis of Surgical Treatment 


CHANGYUL OH, M.D.,* ALLAN E. KARK, M.D.** 


From the Department of Surgery, The Mount Sinai 
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New York, New York City 


Functional Anatomy of the Ano-rectum 


There is still disagreement concerning the mechanism 
of continence and defecation; however, four significant 
factors have received most emphasis: the puborectalis 
muscle, the innervation of the ano-rectal region, the re- 
ceptor bearing segments of the rectal wall (particularly 
the lower third) and the highly sensitive mucosa of the 
anal cana],1419,20,22,23,47,48,60 

The accepted view of continence and defecation holds 
that increased intra-rectal pressure by feces stimulates 
the stretch receptors of the rectum and, through a spinal 
reflex, smooth muscles are relaxed while the striated 
muscles contract. The relaxation lowers the intra-rectal 
tension to its previous level and, as a consequence, 
sphincter contraction is no longer necessary. When the 
stimulus is applied to the more distal portion of the rec- 
tum, a still greater muscular response is elicited which 
adapts itself to a given point to the bulk of its contents. 
When there is enough pressure in the lower rectum the 
closed segment of the upper anal canal then opens. 
Warning of an impending breach of defenses is provided 
by the very sensitive anal mucosa or, according to some, 
by the stretch receptor of the puborectalis muscle. This 
warning is answered by a voluntary contraction of the 
pelvic and external anal sphincter which closes the ano- 
rectal ring again. Through the recto-cerebral-external 
sphincteric reflex mechanism, when circumstances are ap- 
propriate, stool will be expelled voluntarily (Fig. 1). 
Hence, the preservation of these four vital anatomic struc- 
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Fic. 1. The Mechanism of Continence and Dejecation. The reflex 
mechanisms between the rectum and internal sphincter (smooth 
muscle) through spinal cord and between the rectum and external 
sphincter (striated muscle) through cerebral sathway (Gaston). 
The receptor units are sparse in upper rectum and numerous in 
the lower-third which is essential (6-8 cm.) for continence (Gas- 
ton, Goligher, Parks). Defecatory sensory receptor is located in 


the puborectalis muscle (Scharli and Kiesewetter) or in the : 


epithelium of the anal canal (Duthie and Gaims). 


tures are of the utmost importance to restore full anal 
function following ano-rectal surgery. 


Puborectalis Muscle 


The most important single element of the anatomic 
structure is the puborectalis muscle. This muscle, the 
ano-rectal ring, has been described by many authors: it 


longitudinal m. 


pubococcygeus 
(levator) 


puborectalis 


deep ext. sphincte: 


conjoined long, coat 


Superfic. comp. 


Fic. 2. Lateral Coronal Section. The plane of puborectalis-deep 
external sphincter muscles is different from the levator ani (pubo- 
coccygeus ). 
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is the lower innexmost part of the levator muscle, and 
intertwines with the deepest portion of the external anal 
sphincter. There is no line of separation or division be- 
tween these two structures.!5243858 However, function- 
ally it is the most essential part of the voluntary sphincter 
and full fecal continence is impossible without this 
intact muscle sling. In 1953, Uhlenhuth5* clearly il- 
lustrated the puborectalis as one of the most medial 
muscles in the pelvic floor: it surrounds the anal funnel 
at the most lateral and dorsal part-of the anus and is 
separated there from immediate contact with the wall of 
the ano-rectal canal by the pubococcygeus. These re- 
lationships have been confirmed by Gorsch ** and Law- 
son.?? 

Our detailed studies ** have demonstrated that the 
lowermost part of the pubococcygeus (levator) directly 
envelops the upper portion of the anal funnel where it 
meets with the longitudinal muscle of the rectum to form 
the conjoined longitudinal coat. This conjoined musculo- 
fibrous coat is itself surrounded by the puborectalis and 
the external anal sphincter. This is shown in coronal sec- 
tion (Figs. 2 & 3). Thus, the plane of the pubococcygeus 
is different from that of the puborectalis muscle which 
surrounds it. However, this is true only in the lateral 
aspect. In the mid-posterior sagittal section, these planes 
are less distinct and appear to be a continuation of 
pubococcygeus or deep portion of the external sphincter 
—that is, both are one plane (Fig. 4). 


Anatomical Landmarks of the Ano-Rectum 


The landmarks of the ano-rectum are by no means uni- 
formly described in standard texts,*19.152145 particularly 
in regard to the length of the anal canal, the location of 
the peritoneal reflection, and the recto-sigmoid junction. 
Few have attempted to define the differences in race, 
stature of sex, which account for variations in measure- 
ment. On the basis of our clinical observations and direct 
measurement of eight cadaveric specimens (five male, 
three female), the following scheme of clinical measure- 
ment is proposed. 

The anal canal, the lower rectum, the mid-rectum and 
the upper rectum are each approximately 4 cm. in 
length; thus the length of the ano-rectum is approxi- 
mately 16 cm. Because of variations of sex and stature, 
2 cm. can be added for the tall male, and 2 cm. sub- 
tracted for the short female; thus, the ano-rectum is 16 
+ 2 cm. This number can be remembered conveniently 
as the Rule of Four (Fig. 5). The anterior peritoneal 
reflection is about 8 cm. from the anal verge, +2 em., 
depending on size and sex, and which gives an accurate 
range of measurement. The right mid-rectal value meets 
with the pubococcygeal line which corresponds to the 
anterior peritoneal reflection and the region of the mid- 
rectum (Fig. 5). 
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Fic. 3. Semi-diaphrag- coccyx 
matic dissection of ano- 
pelvic musculature in the 
male (mucosa removed) 
showing the relationship 
between the puborectalis 
muscle and pubococcy- 
geus (levator ani) and 
posterior extension. 
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The Principles of the Transsphincteric Approach 
(Bevan-Mason Procedure) 


The posterior transsphincteric aproach through the mid- 
line (Bevan) or via a left paracoccygeal incision ( Mason) 
are similar in terms of division of the full-thickness of the 
ano-rectal wall along its entire length. The posterior in- 
cision is deepened and each muscular structure is care- 
fully marked by silk in order to facilitate precise repair 
of the layers of thé wound and to prevent retraction. The 
incised edges are then opened like the pages of a book. 
Under direct vision, the tumor is excised submucosally 
with a wide margin of mucosa, and the mucosal defect is 
approximated; if this is not possible it may be left open 
and the base formed by the inner muscular layer re- 
epithelializes rapidly. The posterior wound is closed layer 
by layer in anatomical fashion using chromic sutures and 
the precoccygeal space is drained. The most important 
feature is the accurate re-approximation of the puborec- 
talis and deep external sphincter muscles with O-chromic 
mattress sutures. 

When a midline incision is used (Bevan), coccygec- 
tomy and even removal of the fifth sacral vertebra are 
necessary in order to obtain good exposure. These maneu- 
vers sacrifice the posterior suspensory raphe and in turn 
may weaken the anchoring mechanism. However, Mason's 
lateral incision rarely requires bony resection or detach- 
ment of the ano-coccygeal and levator raphe (Fig. 6). 
The latter incision may damage a branch of the inferior 
hemorrhoidal nerves but this does not cause any func- 
tional derangement because the other two branches are 
sufficient to maintain its function. 

Tumors located on the posterior wall of the rectum 







PUBOCOCCYGEUS 





TRANSVERSE 
PERINEI í 


BULBOCAVERNOSUS 


ISCHIOCAVERNOSUS 


ANT. EXTENSION OF SUBCUT. & SUPERFIC. SPHINCT. 


CENTRAL POINT OF PERINEUM 


can be removed by the same approach; but the rectal 
wall is incised through the muscular layer only and then 
the submucosa is separated from the muscle all around 
the tumor-bearing area. Then excision of the tumor-bear- 
ing mucosa under direct vision can be completed from 
the lower edge (Fig. 7). 

The posterior proctotomy procedure, without dividing 
the external sphincter, was described by Crowley and 
Davis in 1951.!?. This approach has been practiced by 
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Fic. 4. Posterior Sagittal Section. The plane of levator muscle and 
puborectalis muscles are not as distinct as they are in coronal 
section. 
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Fic. 5. The Landmarks of the Ano-Rectum. The length of the 
anal canal is approximately 4 cm. and each third of the rectum 
measures 4 om. It can be remembered as the "Rule of Four.” 
Anterior peritoneal reflection is about 8 em, which corresponds 
_to the pubococcygeal line and the location of the mid-rectal valve. 
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Fic. 6. The cross-section of the posterior half of the anal canal in 
upper-third: Comparison with midline (Bevan) and parasacral 
(Mason) incision. A. Bevan's midline incision may damage the 
posterior extension (ano-coccygeal raphe and levator raphe) and 
may weaken the posterior anchoring mechanism by removing the 
coccyx (Fig. 3). B. Mason's parasacral incision avoids damage to 
the posterior extension and its attachment (Fig. 7). 
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Fic. 7. Approach to Post- 
eriorly Located Tumor. 
The muscular layer of the 
rectum is divided in the 
posterior midline; the 
plane between muscle 
and submucosa is de- 
veloped, and the mucosa 
entered laterally in a tu- 
mor free area to permit 
tumor bearing muscosa 
to be excised. 


"EM 


several authors 1343949 and the results appear to be satis- 
factory. However, the operative field is very considerably 
limited and requires resection of the coccyx and pos- 
sibly the distal segment of the sacrum. This resection may 
cause incidental nerve damage. Therefore, the trans- 
sphincteric approach described by Mason gives a much 
better exposure and enables the surgeon to remove the 
full circumference of the tumor and provides the op- 
portunity to examine the total specimen. 


Clinical Experience 


Seven patients (four women, three men) have been 
operated on using the transphincteric approach. Their 
ages ranged from 34-91 years. The lowermost extensions 
of the lesions were located from 5 cm. to 14 cm. from 
the anal verge and their sizes ranged from 3 cm. to 12 cm. 
in diameter. The excision biopsy proved to be carcinoma 
in four cases which were diagnosed as villous adenomas 
by the preoperative punch biopsies. 

Four patients had tumors completely excised and their 
ano-rectums were restored by this method. They re- 
covered from operation without serious complications 
and were restored to full anal function. The anal sphinc- 
teric tone recovered on digital examination about one 
week postoperatively, although gas or liquid incontinence 
persisted in older groups for longer. Full continence of 
gas, liquid and feces was observed for 3 weeks in all 
instances. 

A fifth patient with a penetrating carcinoma underwent 
conversion by rectal sleeve resection with complementary 
transverse colostomy. The sixth patient, a 37-year-old 
woman, had bloody rectal mucous of 4 months' duration. 
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TABLE 1, Clinical Data in 7 Patients with Transsphincleric Approach 
Distance from . 
l Anal Verge Size Follow-up , 
Patient Age Sex Postop. (cm) (cm) (imos. ) Miscellaneous 
M.B. 34 F Villous Adenoma 7 5x6 11 Well 
K.E. 65 F Focal Ca. 14 4x3 9 Well 
W.N 77 F Villous Adenoma 5 5x3 9 Well 
G.H 66 M Villous Adenoma 7 5x6 3 Well . 
L.P 61 M  Infltr.Ca. 6 6 X 6 1 Sleeve resection. 
S.R 37 F Duke's A 10 3 xX 3 5 A-P resection. 
M.J 91 M Infiltr. Ca. 6 Circular 2 Died of sepsis. 


x12 











Her lesion was located 10 cm. from the anal verge, and 
measured 3 cm. in diameter. Via a transsphincteric ap- 
proach, the whole tumor was excised including part of 
the muscular layer. It was reported as infiltrating adeno- 
carcinoma but the muscle coat was free of tumor. Be- 
cause of the patients youth, she underwent an abdomino- 
perineal resection; the resected specimen showed neither 
residual tumor at the operative site nor in the regional 
lymph nodes. 

The seventh patient, a 91-year-old man had a circular 
carpeting villous adenoma with infiltrating carcinoma 
which extended from 5 cm. from the anal verge to 17 cm. 
at the level of the récto-sigmoid junction. This had been 
coagulated on several occasions in the past 7 years, and 
the patient had suffered from mucous diarrhea for the 
past 3 years and was incapacitated with fecal incon- 
tinence for 1 year prior to operation, The postoperative 
course was complicated by non-healing of the posterior 
wound and by subsequent colostomy evisceration. The 
patient died of sepsis (Table 1). 


Discussion 


Contrary to general belief, complete transection of the 
anal sphincter does not produce fecal incontinence pro- 
vided careful approximation of each component of the 
sphincter structure is achieved. 

The keystone to success in the transsphincteric pro- 
cedure is a clear understanding of functional anatomy 
and its preservation. The complexity of the mechanism 
of anal function is not entirely understood; the four 
cardinal elements, puborectalis muscle, lower segment 
of rectal wall, intact anal mucosa and innervation of the 
ano-rectum have been émphasized (Fig. 1), and of 
these, the puborectalis muscle is the most important 
structure of the voluntary sphincter. It can be recognized 
at the upper border of the external sphincter and sur- 
rounds the lower part of the levator muscle (pubococ- 
cygeus) at the level of the ano-rectal ring (Figs. 2 & 3). 
Since the puborectalis intermingles with the deep ex- 
ternal sphincter and pubococcygeus, it is often difficult 


to identify it at the time of operation. Therefore, the 
marking sutures are an essential means of providing ac- 
curate anatomical repair of the wound. 

The ano-rectum, defined as extending from the anal 
verge to the recto-sigmoid junction, corresponds to the 
articulation of sacral segments 2 and 3. The anal canal 
and each third of the rectum are approximately 4 cm. 
in length, the total length being 16 cm.; because of varia- 
tion of size and sex, 16 + 2 cm. gives a more accurate 
range of measuretnent. These measurements represent 
a simplified means of defining the landmarks in particular 
the localization of lesions of the lower two-thirds of the 
rectum lying bétween 4 and 12 cm. from the anal verge. 

The management of villous adenomata of the lower 
two-thirds of the rectum is often a difficult problem for 
two reasons: 1) Potential Malignancy: the reported inci- 
dence of malignancy in villous adenoma range from 6% 
to 100% with an average of about 35%,15.1627.42.53 Among 
the cancerous villous adenomata, four out of five are in 
Duke's A and B categories. The definite histologic strüc- 
ture of this tumor must depend on the total excisional 
biopsy; fragmental excision or punch biopsies are totally 
unreliable which was proven in our four cases of car- 
cinoma; 2) Anatomical Location: a tumor situated 6 to 12 
cm. from the anal verge fall in a notorious "no-nian's 
land" and are difficult to deal with. 

Tumors lying close to the anal verge may be handled 
by a simple procedure such as snare or electrocoagula- 
tion which are often not ideal because of their incom- 
pleteness;17.5253.59 anal excision has only limited applica- 
tion for the low-lying tumor.**? Conversely, for lesions in 
the middle and lower rectum, complete excision of a 
rectal segment and primary anastomosis of bowel by the 
low anterior resection, Kraske’s operation or abdomino- 
sacral approach ?5:5033,5,97 are associated with a signifi- 
cant degree of surgical complicatioris. Furthermore, pull- 
through sphincter saving procedures often result in fecal 
incontinence in approximately one-third of the patients 
in most series.?.4.7.8.25.20,5,55,59 Finally, indiscriminate ab- 
domino-perineal reséction is hazardous in most instances. 
Thus, these procedures are either inadequate or are too 
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TABLE 2. Transsphincteric Proctolomy 
l . Complications Maximal Follow-up 
Authors No. of Cases Incontinence Major Minor Years 

Bevan (1917) Few Obtained Good Results 5 
David (1943) 15 0 1* Few** 5 
Larkin (1959) 5 0 0 0 4 
Granet & Paradis (1964) 19 0 0 0 7 
Mason (1970) 24 0 1+ 9e 9 
Mason (1970) 14 0 244 — 8 
Total . 63 0 4 i 9 





a, Recurrence villous adenoma, coagulated. 
-—Wound infection, healed by itself. 
4— Fistula closed with colostomy. 
4- H-—Recurrence Ca. Required resection. 


radical for the undertermined ——— findings of mid- 
rectal villous adenomas. 

In comparison with these methods, the direct approach 
to the rectum via tránssphincteric proctotomy (Bevan- 
Mason) is more effective and desirable. Of 68 cases re- 
. ported, there has been no instance of fecal incontinence 
following this procedure 332631657 (Table 2). Mason ?9 
has reported 24 cases, and observed primary healing in 
15 patients, delayed healing in nine, and a fistula in one. 
In addition, he has used this method in 14 patients with 
invasive carcinoma of the rectum and obtained satis- 
. factory results except in two who developed recurrence 
during the 1 to 8-year follow-up period.” 

In similar fashion, O'Leary in 1965 +5 reviewed the re- 
sults of 1,224 cases of median episioproctotorny, and 
found there were no major complications such as fistula 
formation, sphincter dysfunction or wound dehiscence. 
" This finding has been confirmed by others;*?8 Norris 4$ 
noted only one case of flatus incontinence among the 255 
cases. 

Thus, the complete division of the anal sphincter fol- 
lowed by careful primary repair of the wound does not, 
as is generally assumed, lead to anal dysfunction or in- 
continence, 

Furthermore, the transsphincteric procedure provides 
an excellent initial approach which does not preclude 
other procedures if the patient's status or the extent of the 
tumor demands it. This is demonstrated in two of our 
cases (S.R. 37-year-old women, and L.P. 61-year-old 
man), in which in these early carcinomas, additional 
procedures were added: an abdomino-perineal resection 
for the former because of the patient's youth, segmental 
resection for the latter because of the patient's mental 
unpreparedriess for permanent colostomy and relatively 
old age. 

Up to the present, our policy for carcinoma of the 
lower two-thirds of.the rectum has been based on the 
Miles procedure. However, Morson's recent work *! has 
thrown some doubt on this uniform approach. He has 





shown that if the tumor is confined to the mucosa or 
submucosa, the lymphatic metastasis is 10:9% and when 
it is still confined to the bowel wall the inciderice was 
12.1%. In those growths spreading in continuity through 
and beyond the bowel wall the incidence of mestastasis 
rose to 58.3%. Of 76 instances of early carcinoma 46 pa- 
tients underwent radical treatment and 30 were treated 
locally. The result of local excision has so far been as 
good as radical procedures. Since the carcinoma in vil- 
lous adenoma is a low-grade malignant tumor with a low 
metastasis rate 5.53 it seems that local excision of local- 
ized small carcinoma (less than 4 cm, in diameter) may 
well be considered as a definitive procedure. In two of 
Our cases, one patient had a small tumor (3 X 3 cm.) 
which proved to be Duke's A grade followirig abdomino- 
perineal resection, and the other (6 x 6 cm.) had an 
infiltrating carcinoma which, following sleeve resection, 
also failed to demonstrate lymphatic spread. 

The transsphincteric approach is inadvisable in the 
following situations: 1) extensive and cirfumferential 
carpeting lesions, 2) those tumors already subjected to 
multiple previous electric coagulation, 3) presence of in- 
fection in thé perineal region, 4) high location of tumor 
at the level of the recto-siginoid junction. The extensive 
lesion as seen in M.J., the 91-year-old man, is better 
managed by abdomino-trarissacral resection, the merit of 
which has been described by Localio and Stahl in 1969.34 


Conclusions 


l. The problem of surgical access to mid and low 
rectal lésions is discussed. with particular. reference to 
villous adenomas and the need for total excisional biopsy. 

2. The anatomic features that help maintain continence 
are reviewed, The ability to cut completely across all the 
sphincteric mechanisms and still retain complete con- 
tinence is dependent on careful and accurate: ———— 
tion of each separate component. 

3. The transsphincteric approach provides excellent 
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exposure for complete removal of villous adenomata 
situated in the rectum, 6-19. cm. from the anal verge. 
The application of this method for local excision of small 
non-infiltrating carcinoma for part of the rectum is dis- 
cussed. 
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Malignant Carcinoid Associated with Thoraco-Abdominal 
Aneurysm and Analysis of Thirty-One Cases of Gastrointestinal 


ARCINOID TUMORS are a relatively rare entity, having 
C an overall incidence of .08% (.05 to .02%) as re- 
ported by Ritchie? Moertelj? in a series of 14,852 
necropsies found the incidence of small intestinal car- 
cinoids to be .65%. Despite the infrequent occurrence of 
these tumors, their interesting clinical and. pathologic 
characteristics have been extensively reported. This re- 
port discusses 31 cases of carcinoid tumor of the gastro- 
intestinal tract which were encountered at The University 
of Texas Medical Branch Hospitals during the period 
1947-1970. An unusual case of metastasis from an ileal 
carcinoid is described, and the recent literature is re- 
viewed as it pertains to this series. Of the 31 cases de- 
scribed here, four were found at autopsy and the remain- 
ing 27 were found at operation or biopsy. Only one of 
these tumors was believed to be of carcinoid type prior 
to operation; this patient had the carcinoid syndrome. 
This is consistent with the findings of Moertel,!? in which 
only one of 56 symptomatic carcinoids was diagnosed 
preoperatively. 


Appendix 


The sites of primary involvement are given in Table 1. 
The most common site was the appendix, which con- 
stituted 29% of the total occurrences. This figure is some- 
what lower than previous estimates of 674,5 582, and 
33%,°° reported by others. The age range of patients with 
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appendiceal carcinoids was 12-48 (average 27 years). 
According to most reports,?*?S these lesions are usually 
found in women in the 2nd and 3rd decades. This is in 
contrast to carcinoids from extra-appendiceal sites, which 
are most prevalent in the 50—70 age range with an equal 
sex ratio. 

Most appendiceal carcinoids are discovered at inci- 
dental appendectomy, usually performed during gyne- 
cological procedures. Six of our nine cases were 
incidental to gynecologic procedures and one was en- 
countered while performing a cholecystectomy. The 
incident of symptomatic appendiceal carcinoids has been 
estimated to be about 10%.”8 In two (22%) of nine patients 
the lesions were removed at appendectomy, one of which 
was acute. The other occurrence was in a 13-year-old 
boy who had a 5-month history of right lower quadrant 
pain. Two primary carcinoids were found in the ap- 
pendix, each greater than 2 cm. in size; the appendix 
was involved in an abscess formation with the peritoneum 
and anterior abdominal wall. No evidence of metastasis 
was found. All of the other appendiceal carcinoids were 
less than 1 cm. In one of our patients there was metastasis 
from the appendiceal carcinoid. Only 36 cases of metas- 
tasizing appendiceal carcinoids have been reported, 19 
of which were localized to adjacent lymph nodes.* Our 
patient, a 29-vear-old woman, had an incidental appen- 
dectomy at the time of abdominal hysterectomy. A lymph 
node in the mesoappendix was found to contain meta- 
static deposits ( Figs. 1 & 2). The patient had an enlarged 
liver clinically and by radioactive scan, but a per- 
cutaneous punch biopsy failed to reveal any pathologic 
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Fic. l. Carcinoid tumor in the appendix with invasion of the 
mesenteric lymphatics. 


diagnosis. She had no symptoms of the carcinoid syn- 
drome, and urine checks for 5 HIAA were repeatedly 
negative. The patient is well 9 months postoperatively. 
We believe this represents the 37th case of metastasizing 
appendiceal carcinoid. 

The recommended treatment for local lymph node 
metastasis of appendiceal carcinoids is right hemico- 
lectomy with wedge resection of the adjacent mesentery.” 
All nine of our patients were treated with simple ap- 
pendectomy. Follow-up data obtained on five of these 
nine patients revealed all to be alive and symptom free, 
ranging from 9 months to 18 years later, including the 
patient with the two lesions larger than 2 cm, who sur- 
vives 18 years post-appendectomy. It is generally ac- 
cepted that appendiceal carcinoids without metastasis 
may be adequately treated by simple appendectomy. 


Rectosigmoid 


Many authors," '” have stated that the majority of 
rectal carcinoids are asymptomatic, usually found at 


Ann. Surg. * Nov. 1972 


i. 


Fic. 2, Microscopic invasion of lymph node in the mesoappendix. 


routine sigmoidoscopy. There has been only one reported 
case of carcinoid syndrome from a primary rectal car- 
cinoid tumor. In our series, four of the eight rectal 
lesions were first found at sigmoidoscopy, all of the pa- 
tients were examined for symptoms referable to the rectal 
area (Table 1). The other four lesions were found on 
routine digital rectal examination, three of these patients 
were symptomatic. In a large series by Calderola,? 30% 
of rectal carcinoids were found on digital rectal examina- 
tion. This re-emphasizes the need for routine rectal ex- 
amination to be performed on all patients. 

Rectal carcinoids are often considered separately from 
other gastrointestinal carcinoids because they are usually 
benign lesions; as early as 1942?! they were thought to 
differ histologically as well. When they do metastasize, 
however, they can be extremely malignant in character. 
Diffenbaugh and Anderson? reported metastases in 
13.84 of 130 cases of rectal carcinoids which they re- 
viewed. Size of the primary lesion is the most accurate 
guide to predict the activity of these tumors. According 
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to Sanders?? the following criteria should be used in 
choosing the mode of treatment: Lesions that are less 
than 2 cm. in size and show no evidence of invasion can 
be locally excised and followed with regular sigmoido- 
scopic examination. Lesions that are greater than 2 cm. 
or which show local invasiveness should be treated by 
wide excision, i. e., abdominoperineal resection or ante- 
rior resection. 

Bates! reported. that of 37 rectal carcinoids that 
metastasized, 782 were larger than 2 cm., and of 115 
tumors which were less than 2 cm., only 8% metastasized. 
Peskin and Orloff? reported that 40% of 25 rectal car- 
cinoids were malignant. They found an average survival 
of 2 years in these patients. Freund ® described similar 
survival rates in 34 patients following surgical treatment 
of malignant rectal carcinoids. This is in contrast to the 
usual good prognosis associated with benign rectal car- 
cinoids that are completely removed by local excision. 
Four (50%) of the patients in this series had lesions less 
than 1 em. in the largest diameter, and none had evi- 
dence of malignancy. Three patients had primary lesions 


1 to 2 cm. in size, and only one of these showed metastasis 


(Table 2). This patient had a sessile lesion and received 
no surgical treatment; she had squamous cell carcinoma 
of the cervix and received pelvic irradiation. This patient 
died 4 months later with distant metastasis of the car- 
cinoid tumor. Six of the eight lesions were polypoid, all 
smaller than 2 cm., and all were treated by local excision. 
Follow-up data was obtained on five of these six patients, 
and all were alive and well ranging from 4 to 9 years 
later, although one was lost to follow-up after 4 years. 
The patient with a primary lesion larger than 2 cm. had 
metastases to the liver, descending colon, mesentery and 
adjacent lymph nodes. She underwent abdominoperineal 
resection and did well until symptoms reappeared 4 
years later. She died of liver necrosis after hepatic artery 
ligation was performed as a palliative procedure. 


Small Intestine 


Carcinoids of the small intestine occur second only 
to those of the appendix in frequency; they account for 
approximately 30% of all gastrointestinal carcinoids. The 
most common site in which they occur in the small in- 
testine is the ileum, which comprised 89% of 209 small 
intestine carcinoids described by Moertel!? followed 
in order of frequency by jejunal and duodenal lesions. 
Six, or 19% of our instances occurred in the small intestine, 
not including the duodenum. Two were located in the 
jejunum, two in the ileum, and two were found at 
autopsy, the site was not otherwise specified. Of these 
six carcinoids, two were greater than 2 cm. in size; these 
patients both had the carcinoid syndrome. Interestingly, 
symptoms of flushing could be produced in one by digital 
rectal examination. This patient had liver metastases and 
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Taste 1. Primary Site and Incidence of Symptomatology of 31 
Gastrointestinal Carcinoids. 











Carcinoid 
Primary Site Number %of total Symptomatic Syndrome 
Appendix 9 29.0 2 (22%) 0 
Rectosigmoid 8 25.8 5 (6.25%) 0 
Small intestine 6 19.3 3 *(50%) 2 
Duodenum 6 19.3 5 @(83.3%) 0 
Stomach 1 3.2 1 (100%) 0 
Undetermined 1 3.2 1 (100%) 1 





* In three autopsy cases, symptoms were not recorded. 
(à) In one autopsy case, symptoms were not recorded. 


died two months after a partial jejunal resection. The 
case of the other patient is presented in this report. Twc 
of the lesions were 1 to 2 cm. in size, one was smalle 
than 1 cm., and in one case the size of the primary lesior 
was not reported. All but one of these last four patient: 
were found at autopsy, and follow-up data was not ob: 
tained on the remaining case. 

Frequency of metastasis increases proportionally witt 
the size of the primary lesion, the majority of metastase: 
originate from tumors larger than l cm. in diamete 
(Table 2). Three or 50% of the above mentioned patient: 
had metastases, all of which had primary lesions large: 
than 1 cm. This is compared with Sanders ? figure o: 
33% which metastasized in a series of 828 small intestina 
carcinoids. There is a striking tendency to multiplicity 
of small bowel carcinoids, the incidence of which wa 
29% in Moertel’s !? series. Interestingly, there was als 
a 29% incidence of second primary neoplasms; this i 
much higher than that in the normal population. Thi 
finding of second neoplasms was also mentioned b 
earlier investigators? In the present series there wen 


TABLE 2. Metastasis of Carcinoid Tumors Relative to Size and Site a 


Primary Lesion. 





Number with 
Metastases 


Rate of 


Size of Primary Site Number Metastases 





Less than 1 cm. 16 1 6% 





Appendix 
Duodenum 
Small intestine 
Rectosigmoid 


1to2cm. 25% 





Duodenal 
Small intestine 
Rectosigmoid 





Larger than 2 cm. 15% 





Appendix 
Small intestine 
Rectosigmoid 





Size not reported 


Duodenal 
Primary site unknown 


33% 
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three cases of multiple primary lesions among the 12 
duodenal and other small intestinal carcinoids, an in- 
cidence of 25%. Of these same patients, however, only one 
had another primary tumor. This patient died of lung 
cancer and the ileal carcinoid was an incidental finding at 
autopsy. 


Duodenum 


Duodenal carcinoids are infrequently seen, although 
the duodenum is the fourth most common site of this 
tumor. Of 3,718 carcinoid tumors reported by Cheek 
and Wilson? there were 135 duodenal carcinoids, ac- 
counting for 3.6% of the total. Duodenal lesions made up 
a somewhat larger proportion of this series, accounting 
for 19% of the total occurrences. Duodenal carcinoids are 
more apt to be symptomatic than those in other sites, 
(Table 1) the most common symptoms are related to 
duodenal obstruction or ulceration, MacDonald ' found 
that in his series, 38% of all patients with metastases had 
duodenal or peptic ulcers. In the present series, all of 
the six patients who had duodenal carcinoids were symp- 
tomatic. Four patients had duodenal ulceration, and one 
had both gastric and duodenal ulcers. Two of the patients 
with small intestinal carcinoids and one patient with a 
carcinoid of the stomach also had duodenal ulcers, Con- 
sidering duodenal and other small intestinal carcinoids 
together, there were six of 12 cases or a 50% incidence 
of duodenal ulcer. Of the four duodenal carcinoids in 
which size of the primary lesion was reported, two were 
1 to 2 cm. in diameter and two were less than 1 cm. One 
of these lesions was polypoid in nature, the rest were 
nodular or sessile submucosal lesions. Of the two patients 
with primary lesions less than 1 cm. in size, one had local 
excision of the tumor and is alive and well 4 years later. 
In the other patient, a 10 cm. solid retroperitoneal mass 
was found in the pelvis at operation, but it was not 
biopsied due to poor cardiorespiratory status. This pa- 
tient underwent partial gastrectomy and duodenal re- 
section but died 1 month later of respiratory insufficiency. 
One patient with a primary 1 to 2 cm. size also under- 
went distal gastrectomy with proximal duodenectomy to 
remove the tumor and is alive and well 4 years later. 
The other patient had incomplete local excision of the 
tumor and died 1 year later of undetermined causes. It 
should be mentioned that this patient also had an 
aneurysm of the terminal aorta. The fifth patient was 
lost to follow-up, and the sixth instance was found at 
autopsy. 


Stomach 
One patient in the present series had a primary car- 
cinoid of the stomach. He was a 63-year-old man who 
had been treated medically for ulcer disease for 5 years 
prior to operation, obtaining only transient relief. At 
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operation he was found to have a 1 cm. submucosal 
nodule near the pylorus. Just adjacent to this lesion was 
a L5 cm. gastric ulcer, and on further investigation a 
penetrating duodenal ulcer was found. He underwent a 
three-fourths gastric resection and vagotomy, and is well 
6 years later. Carcinoids of the stomach are infrequently 
seen, only 93 cases have been reported prior to 1970.* 
The most common symptom is epigastric pain, often ac- 
companied by nausea, vomiting, hematemesis, melena 
and weight loss. These tumors are rarely ever diagnosed 
correctly, even at gastroscopy,” since they can appear 
either polypoid or nodular, with or without ulceration 
of the mucosa. They most commonly occur in the antral 
area, as in the case just described. The prognosis for 
stomach carcinoids is generally good, as in other car- 
cinoids, but they may metastasize and ultimately be 
associated with manifestations of the carcinoid syndrome. 


Carcinoid Syndrome 


The symptom complex of the carcinoid syndrome was 
first described by Biorck, Axen, and Thorson? in 1952. 
Isler and Hedinger ° in 1953 described three cases and 
postulated that a definite syndrome existed. The symp- 
tomatology consists of cutaneous flushing, cyanosis, diar- 
rhea and abdominal pain due to hyperperistalsis, right 
sided heart lesions, bronchoconstriction and asthma-like 
symptoms. Occasionally ascites, weight loss and pellegra- 
like skin changes are noted. These symptoms may appear 
spontaneously or may be brought on by certain stimuli, 
such as emotional upset, ingestion of certain foods or 
alcoholic beverages, physical activity, or rarely, by mas- 
sage or pressure over the area of the tumor. They last 
from only a few minutes to as long as many hours, and 
chronic skin pigmentation may occur in long-standing 
cases. The syndrome is seen in patients with metastatic 
deposits in the liver, or other sites which bypass the 
portal circulation, in which most serotonin (5 hydroxy- 
thyptamine-5 HT) is metabolized. The small intestine 
was the site of origin of 50 of the 77 well documented 
cases of carcinoid syndrome recognized by Sanders 8 in 
1964. Lembeck !? first reported an excess amount of 5 HT 
in carcinoid tissue, and there is usually ( but not always) 
an elevated blood level of 5 HT. The normal serum is 
.] to .3 mcg; patients with the syndrome may have levels 
up to 3.0 meg. Urinary excretion of 5 hydroxyindol acetic 
acid (5 HIAA), a metabolite of 5 HT, in the normal in- 
dividual ranges from 2 to 9 mg. every 24 hours. Patients 
with the syndrome usually have levels greater than 10 
mg. per 24 hours, and amounts up to 2,000 mg. per 24 
hours have been found. False positives can be caused 
by eating foods high in tryptophan, such as bananas and 
pineapple, among others. The theory that serotonin alone 
was responsible for the symptoms seen in the syndrome 
was challenged first by Robertson. Later work by 
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Oates ?! revealed that the characteristic flush could be 
caused by the catecholamine release of kinins. More 
recent work by Mason and Melmon !* implicates brady- 
kinin and lysylbradykinin in the production of flushing 
and hypotension. Levels of other polypeptides and 
vasodilators including prostaglandins *® and substance 
P* may also contribute to the symptom complex. 

Of the 31 patients in this series, three had manifesta- 
tions of the carcinoid syndrome. All had liver metastases 
and all had positive tests for 5 HIAA in the urine. One 
primary lesion was in the jejunum, one was in the ileum, 
and the primary lesion was not found in one case. The 
patient with the ileal primary lesion had unusual 
metastatic deposits and his case.is described. 


Case Report 


A 50-year-old man was seen in October of 1959 complaining of 
pain in the left flank and in the epigastrium for 2 months’ dura- 
tion. He had also had frequent diarrhea for 4 months’ duration, 
as well as,a 20-pound weight loss during the previous year. (He 


‘had been in the emergency room in 1954 for acute abdominal 


pain, which had quickly subsided. X-rays taken at that time 
showed a calcified soft tissue mass in the left upper quadrant, 
extending above the diaphragm. There was no further contact 
until 1959.) Physical examination revealed patches of dark pig- 
mentation over the forehead and face, especially over the bridge 
of the nose. À loud systolic murmur was heard maximally in the 
pulmonic area. X-ray studies including upper gastrointestinal 
series, barium enema, cholecystogram and intravenous pyelogram 
were normal in appearance. Aortograms showed an aneurysm of 
the thoracic aorta, extending below the diaphragm. In December 
of 1959 the patient underwent thoracotomy for resection of the 
aneurysm. The incision was extended into the abdomen, and 
upon entering the peritoneal cavity, a small whitish tumor was 


Fic. 3. Diagram of sur- 
gical field, showing ex- 
tensive retroperitoneal 
metastasis, in intimate 
relationship to abdominal 
aorta. 
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noted in the ileum, In the adjacent mesentery a large tubular mas: 
of similar tissue was found, which on frozen section was though 
to be adenocarcinoma. Multiple similar small lesions were founc 
on the liver surface and proved to be metastatic lesions. 

On further investigation a tumor mass was noted to extenc 
along the retroperitoneal area adjacent to the aorta, with suck 
extensive involvement that an attempt at resection of the aneurysu 
was deferred (Fig. 3). The section of the ileum containing tumo: 
was excised and a primary reanastomosis was performed. The re 
sected bowel was later found to contain two primary lesions, eac! 
2.5 x 2 cm. size, which on permanent section proved to be car 
cinoid tumors. Urinary levels of 5 HIAA were found to be re 
peatedly elevated in the postoperative period, with levels up tc 
87 mg. per 24 hours. Serum serotonin was measured at 1.48 meg 
The patient had transient improvement of symptoms for abou 
6 weeks postoperatively. He then had return of diarrhea and ex 
perienced low back pain, both of which were helped slightly by 
anti-cholinergic medication. Approximately 4 months after hi: 
first operative procedure, he was admitted to the hospital ‘com. 
plaining of further weight loss, anorexia, and increasing low bacl 
pain, as well as diarrhea. Upper gastrointestinal x-rays revealec 
extrinsic: pressure at the esophagogastric junction believed to be 
due to the aneurysm. Cardiac catheterization was performed anc 
confirmed the presence of pulmonic stenosis. Re-exploration wa: 
performed to bypass the aneurysm. At operation, however, the 
tumor had extended over the lower abdominal aorta down to the 
iliac bifurcation, leaving no area free to use for attachment of : 
graft; therefore no procedure was performed. The patient had ar 
unremarkable postoperative recovery but the symptoms continued 
He was managed conservatively over the next 5 months, and hac 
a progressive worsening of his overall condition. He died suddenly 
at home and no autopsy was performed. i i 


This patient had several characteristics of the carcinoic 
syndrome, including epigastric pain, chronic diarrhea 
facial pigmentation and valvular pulmonic stenosis. He 
did not have the classical flushing usually associated wit} 
the syndrome but he did have an elevated serum 
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serotonin and repeatedly elevated urinary 5 HIAA levels, 
which are diagnostic of the carcinoid syndrome. The 
extensive retroperitoneal metastasis which involved the 
aortic aneurysm is an unusual finding, and no mention 
of a similar occurrence was found in the literature. 


Treatment 


Surgical removal of carcinoid tumors is accepted as 
the most effective treatment, both of silent lesions and 
those producing the carcinoid syndrome. Removal of the 
primary, even though metastases exist, often causes re- 
gression of metastases and decrease in symptoms of the 
syndrome.? Partial hepatectomy has been successful in 
relieving symptoms for many years in patients with liver 
metastases.?? Numerous attempts have been made, how- 
ever, to find other acceptable and effective means of 
therapy in patients with inoperable lesions. 

The details of tryptophan metabolism and its derange- 
ment in the carcinoid syndrome have been well de- 
scribed, even though they are not yet fully understood. 
Various researchers and clinicians have attempted to 
control the carcinoid syndrome by interfering with excess 
production of serotonin and other biochemical com- 
pounds which seem to cause the symptoms of the syn- 
drome. The use of various serotonin antagonists has been 
tried with questionable success. Some of the most use- 
ful drugs for the control of isolated symptoms are 
cyproheptadine, methylsergide, chlorpromazine, 6-methyl 
prednisolone, and cinanserin. These drugs have little 
if any effect on 5 HIAA excretion and have significant 
side effects which must be considered. The symptoms 
which they relieve usually return immediately following 
their withdrawal. Work has been done by Costello * 
using halogenated tryptophan analogs, such as 5- 
iodotryphan, in an effort to alter 5 HT metabolism in 
tumor cells. These agents were successful in controlling 
flushing and diarrhea, as well as decreasing 5 HIAA 
excretion in the urine, and their effects were residual, 
lasting as long as 10 days after the drug was discontinued. 
Certainly more work remains to be done in this field 
of investigation. 

Treatment of secondary hepatic neoplasms by ligation 
of the hepatic artery has yielded varying results. Murray- 
Lyon °° treated three patients with the carcinoid syn- 
drome by this method and observed relief of symptoms 
for as long as 5 months. This was accompanied by a 
return to normal levels of urinary 5 HIAA excretion. 
Hepatic artery ligation causes a necrosis of normal liver 
tissue as well as necrosis of metastatic tumor deposits, 
therefore caution should be used in patients with pre- 
existing hepatic insufficiency. The necrosis of tumor tissue 
is accompanied by a release of 5HT and other tumor 
products into the blood, thereby causing marked symptoms 
of the carcinoid syndrome, Murray-Lyon and his group 
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avoided this in two of their patients by pre-ligation in- 
fusion of 5 FU into the hepatic artery and the use of 
oral anti-serotonin agents. As we mentioned previously, 
one of the patients in our series underwent hopatic 


artery ligation in an attempt to reduce an enlarged liver 


and symptoms of pain and vomiting. She did not receive 
any pre-treatment, and suffered rapid liver necrosis 
progressing to death within hours, Reed ?* described the 
use of chemotherapy alone via intravenous and hepatic 
artery infusion in patients with hepatic metastases. He 
found that carcinoids were most sensitive to 5 FU and 
the alkylating agents, cyclophosphamide in particular. 

The usc of radiotherapy in the treatment of carcinoid 
tumors has been generally unsuccessful. In the present 
series one patient with a rectal carcinoid received pelvic 
irradiation. for accompanying cervical carcinoma. She 
died 4 months later with distant carcinoid metastasis. 
Sax ^" reported unsuccessful treatment of two patients 
with radictherapy. Other authors confirm these findings; 
however, relief of pain from bone metastases has been 
described following irradiation.” 


Summary 


Thirty-one cases of gastrointestinal carcinoid tumors 
are reported and the literature is reviewed in relation 
to the findings in this series. A case of ileal carcinoid 
with the carcinoid syndrome and metastatic deposits 
involving a thoraco-abdominal aortic aneurysm is de- 
scribed. Of interest is the fact that another patient with 
a duodenal earcinoid also had an abdominal aortic 
aneurysm. The significance of this occurrence is not 
known, and indeed, is probably coincidental. Also re- 
ported is the 37th case of metastasizing appendiceal 
carcinoid. 

Although carcinoid tumors in general are fairly. be- 
nign neoplasms, their prognosis is markedly worsened 
by the presence of the carcinoid syndrome. Medical and 
chemotherapeutic attempts are being made to control 
the rare and interesting phenomenon, but as vet, no 
really effective means has been found. 
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Angiomatous Lymphoid Hamartomas: 


HE TERM, angiomatous lymphoid hamartomas, has 

been applied to isolated tumorous enlargements of 
lymph nodes at various locations, particularlv the me- 
diastinum, neck and retroperitoneum, characterized his- 
tologically by abnormal lymphoid follicles with an over- 
growth of blood vessels. Although it is an unusual 
lesion, evidence now indicates that its occurrence is suf- 
ficiently frequent to justify familiarity by surgeons with 
the condition. We have encountered two patients with 
this entity, located in the neck in one patient and re- 
troperitoneally in the other, presenting features which 
are considered to be characteristic. 


Case Reports 


Case 1. A 19-year-old girl had been aware of a mass in her 
neck for approximately 3 years. It first appeared after an upper 
respiratory infection, it varied im size and enlarged gradually. 
The mass had produced no obvious symptoms. Physical examina- 
tion was otherwise normal. A preoperative diagnosis of probable 
branchial cyst was made. 

At operation the mass, located along the anterior and superior 
aspect of the left sternocleidomastoid muscle, was separated from 
the carotid sheath and jugular vein and removed in its entirety 
along with a group of adjacent normal appearing lymph nodes. 
The mass was well encapsulated and measured 4 x 7 x 2 em; 
it had a dark brown cut surface with gray-tan areas (Fig. 1). 

The patient had a satisfactory postoperative recovery and has 
had no evidence of further difficulty during the past 5 years. 

Case 2. A 27-year-old woman was seen primarily because of 
increasing exertional dyspnea, a productive cough, and a weight 
loss of 24 pounds during the previous 6 months. A diagnosis of 
bronchiectasis and emphysema had been established previously. 
The patient had not experienced unusual difficulty with upper 
respiratory tract infections in the past, nor was there evidence of a 
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hereditary tendency for respiratory tract difficulty. The physical 
examination. was unremarkable except for the presence of a 
movable mass in the left upper abdomen and diminished breath 
sounds in both lung fields. 

The patient's blood hemoglobin level was 14 Gm./100 ml. The 
blood leucocyte count, urinalysis, serum electrolytes, serum pro- 
tein, L.E. test, anti-nuclear factor determination, blood sugar, 
and blood urea nitrogen were negative or normal. Skin tests, in- 
cluding an intermediate PPD and coccidioidin, histoplasmin, and 
blastomycin tests were recorded as negative. A chest x-ray as 
well as an intravenous pyelogram were normal. Radiologic studies 
of the upper gastrointestinal tract demonstrated displacement of 
the stomach and small bowel in the left mid-abdomen by the 
tumor, Blood arterial gas studies indicated a moderate hypoxemia. 
The vital capacity was 44 per cent of normal. The serum protein 
electrophoresis and the alpha-one antitrypsin blood level were 
normal. 

After therapy for the pulmonary difficulty, an abdominal opera- 
tion was performed. A well encapsulated tumor was located 
retroperiteneally medial to the lower pole of the left kidney and 
adjacent to the left side of the abdominal aorta. The tumor was 
excised, separating it from the proximal jejunum, left ureter, and 
inferior mesenteric vein, with removal of several of a chain of 
lymph nodes present along its medial aspect. The mass weighed 
160 Gm. and measured 6.5 cm. in diameter. The patient experi- 
enced a satisfactory postoperative course and has had no evidence 
of abdominal difficulty. during the subsequent 3 years. Her res- 
piratory disability continues, while therapy for advanced bron- 
chiectasis and pulmonary emphysema is continued. 

Microscopic Anatomy: The neck and retroperitoneal masses 
presented similar histology. The bulk of the tumors consisted of 
mature well differentiated lymphocytes. Nodular formations re- 
sembling germinal centers were present throughout (Fig. 2). Un- 
like normal lymphoid follicles they often contained a central core 
of hyalinized connective tissue and an irregular admixture of 


20 


Vol. 176 * No. 5 


epithelioid-like cells with mature lymphocytes. Surrounding 
lymphocytes often arranged concentrically around the abnormal 
follicles. As others have indicated, these formations bear a remote 
resemblance to Hassall’s corpuscles. Mitosis and phagocytic ac- 
tivity was not evident neither within nor outside the follicle-like 
structures. Subcapsular or medullary lymph sinuses were absent. 
Vascularity was plentiful; thin-walled vascular channels closely as- 
osciated with the lymphocytes gave a histologic appearance 
reminiscent of the splenic pulp (Fig. 3). Sometimes infiltration of 
lymphocytes in subendothelial spaces was demonstrated. In addi- 
tion, thick-walled vessels in the midst of the lesion and about the 
capsule were often seen. The capsule was well formed and com- 
posed of rather dense fibrous connective tissue. In both cases 
adjacent lymph nodes were microscopically normal. The pathologic 
diagnosis for both tumors was angiomatous lymphoid hamartoma. 


Pathological Characteristics 


Although features of the entity had been previously 
recorded, Castleman and associates specifically empa- 
sized the microscopic and clinical characteristics of en- 
largement of lymph nodes designated by them as local- 
ized lymph node hyperplasia.*^ Others subsequently 
considered the term, angiomatous lymphoid hamartoma, 
to be more applicable for the lesion occurring at normal 
locations for lymph nodes.!"?? The term, choristoma, 
is suggested to designate the lesion when it occurs at 
locations which do not normally contain lymphoid ele- 


Fic. 2. (Case 2) the 
bulk of the tumors con- 
sisted of mature well dif- 
ferentiated lymphocytes. 
Nodular formations re- 
sembling germinal cen- 
ters were present 
throughout. 
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Fic. 1. (Case 1) the 
mass was well encapsu- 
lated (4 x 7 x 2 cm.). 





ments, These represent the two major recognized cate- 
gories of these lesions. 
The dominant histologic features consist of (1) a 
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prominent lymphoid follicular architecture considered 
by some to represent hyperplasia and by others to be 
abnormal as a result of distortion by proliferating blood 
vessels, and (2) prominence of blood vessels penetrat- 


ing the tissue from the capsule and branching repeatedly 
to enter finally a germinal center. The absence of lymph 
sinuses in both the subcapsular zone and medullar re- 
gions add further to the loss of normal lymph node 
architecture. Elements simulating the appearance of 
Hassall’s corpuscles have been attributed by some, in- 
cluding Castleman and associates, to a hyaline thicken- 
ing of the walls of the proliferating capillaries, and by 
others, including Abell, to small masses of fairly large 
eosinophilic cells located centrally in collections of ma- 
ture lymphocytes and related to thick-walled capilla- 
ries.^!* Focal deposits of calcium are occasionally pre- 
sent in hyalinized connective tissuc. 

Microscopic characteristics of the lymphoid hamar- 
tomas have produced confusion in the past and continue 
to create difficulties. Although considered earlier to rep- 
resent giant hemolymph nodes, this concept is now 
discarded on the basis of histologic features of this 
lesion.*^ The tumors were frequently reported as ec- 
topic thvmomas in the past on the basis of the focal 
changes simulating the appearance of Hassal’s corpus- 
cles, even though few occurred at the normal anatomic 
site for the thymus.? This erroneous diagnosis may still 
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Fic. 3. (Case 2) Vas- 
cularity was plentiful; 
thin-walled vascular 
channels closely asso- 
ciated with the lympho- 
cytes gave a histologic 
appearance reminiscent 
of the splenic pulp. 


be entertained on the basis of frozen section studies at 
the time of operation. These tumors also have been 
diagnosed and treated as malignant lymphomas and 
as lymphadenitis. 1:71 

The majority of these lymphoid tumors have been 
located in the chest, especially in the mediastinum and 
pulmonary hilar regions. The neck represents the next 
most common site with approximately 15 cases reported. 
In addition to the neck, mediastinum, and pulmonary 
hilum, Ivmph nodes have been the location for the 
lesion in the retroperitoneal, pelvic, inguinal, and axil- 
larv regions. Soft tissue locations, less common than 
lymph node sites, include the larynx, oropharynx, cheek, 
maxillary antrum, lip, subepidermal regions of the face 
and arm and scalp, muscle ( particularly in the vicinity 
of the shoulder), and lung. 

Although several instances of bilobular tumors have 
been recorded, thev are solitary for all practical pur- 
poses. Adjacent lymph nodes may be somewhat enlarged 
but are microscopically normal. When lymph nodes are 
involved, the tumor has usually measured from 3 to 11 
cm. in diameter. The masses are well circumscribed with 
a thick fibrous capsule. The capsule may be very vascular 
at the time of excision and, although complete removal 
has not been carried out in a few instances because of 
adherence to major vessels, complete excision is not dif- 
ficult usually. 
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The preponderance of histologic as well as clinical evi- 
dence demonstrates the benign nature of these lesions. 
However, Abell reports an instance in which recurrence 
developed after incomplete removal. Although Butler 
indicates that angiomatous lymphoid hamartomas are 
readily distinguished histologically from lymphomas, 
Fisher and associates record two instances in which 
atypical cells of the Reed-Sternberg type were present, 
and in one case successful heterotransplants of the tumor 
were produced? Other authors, however, have not 
made this observation. 

Although Hirst questioned whether this lesion ac- 
tually ever arises from lymph nodes, the evidence for a 
lymph node origin is good. Abell and Timme have re- 
corded tumors in which only a portion of a lymph node 
was involved.!9 This information also supports the 
concept that the lesion represents a tumor rather than 
hyperplasia. 


Significant Clinical Features 


The angiomatous lymphoid hamartomas have been 
reported in patients from multiple geographical loca- 
tions and races and involve both sexes equally. Al- 


though most patients are young adults, a wide age dis- 
tribution has been affected. The tumor appears to en- 


large rather rapidly and then remain approximately 
stationary. 

Although an infection may appear to be associated 
with the origin of the tumor, as in our two patients, a 
consistent cause for the lesion has not been evident. The 
tumor may produce symptoms on a mechanical basis 
as a result of its presence; however, clinical manifesta- 
tions are usually non-specific. 

Anemia associated with lymphoid hamartomas has 
been recorded in at least five instances.*7.1112:14 In three 
of these reports, all involving children, the anemia as 
well as growth retardation and hyperglobulinemia, were 
refractory to all measures until the angiomatous lymph- 
oid hamartoma was removed. In the report of Lee and 
associates, no evidence of an autoimmune etiology or an 
origin related to a maternal-fetal lymphocyte transplant 
could be demonstrated. The association of a neuro- 
pathy involving both lower extremities in a patient hav- 
ing a pelvic angiomatous lymphoid hamartoma was 
been reported by Mallory and Spink.? Except for the 
report of recurrence after incomplete removal in one 
instance, the clinical course of the tumor has been 
benign. 

It appears unlikely that the diagnosis of angiomatous 


: lymphoid hamartoma can be established preoperatively 


with certainty. It is conceivable that radioisotope scan- 
ning technics and visceral angiography might be of 
help in identifying a non-palpable abdominal lesion 
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in the rare situation of a child with refractory anemia, 
growth arrest, and hyperglobulinemia.9.* 


Discussion 


The pathogenesis of angiomatous lymphoid hamar- 
tomas remains obscure. Some factor evidently stimulates 
proliferation of blood vessels and possibly lymphoid ele- 
ments into which the vessels overgrow to produce mor- 
phologic distortion. It is reasonable, therefore, at this 
time to consider the lesion as a benign neoplasm and 
describe it as an angiomatous lymphoid hamartoma. 
This term conforms with the concept of a hamartoma 
as representing a tumorous but non-neoplastic malforma- 
tion consisting of an abnormal mixture of normal devel- 
opmental components of the structure involved.? 

Timme prefers the term angiofollicular hyperplasia to 
describe the lesion under consideration and this in- 
corporates views of some other authors.!6 The sugges- 
tion has been made that the lymph node or lymphatic 
tissue involved has a basic developmental defect which 
permits the angiomatous and lymphoid hyperplasia to 
be induced by a number of different factors.? 

Most angiomatous lymphoid hamartomas of the neck 
occur in the supraclavicular region and are often as- 
sociated with the carotid sheath. However, the tumor 
may develop at other locations in the neck as well as 
the shoulder and head. The usual presumptive preopera- 
tive diagnosis for these tumors when present in the 
neck is that of a branchial cleft cyst. In conformity 
with the basic policy of an operative management for 
all solitary cervical masses, complete excision rather than 
incisional biopsy should be performed whenever pos- 
sible. 


Summary and Conclusions 


l. Angiomatous lymphoid hamartomas are unusual 
tumorous enlargements of unknown etiology involving 
lymph nodes occurring particularly in the mediastinum, 
neck, and retroperitoneal structures. 

2. Although the pathogenesis of this lesion is obscure, 
it does not appear to be associated in itself with a 
significant health hazard. It should be completely re- 
moved and distinguished microscopically from other 
more serious disease processes. When located in the 
chest and abdomen in children the tumor has been as- 
sociated in several instances with a refractory anemia, 
retarded growth, and a hyperglobulinemia. 
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Literary 
Hemorrhoids 


Mrs. S.R., 47, high school English teacher. A history of 
anorectal pain and buming of several years’ duration. On 
and off weight reducing diets, the insufficient bulk of which 
has aggravated a chronic constipation problem. 
subsequent straining at stool has precipitated an acute 
episode of internal-external hemorrhoids, 


atypical 
proctological 
patient 


to help relieve the pain, 
itching, burning 
associated with this 
and similar anorectal 
conditions 


S NX x 4A" prescribe 
ad nusol- 
» d te P ~ P 


= hemorrhoidal 
suppositories 





Each suppository contains hydrocortisone with hyd rocortisone 
acetate 10 mg, bismuth subgallate 2.25%, acetate 

bismuth resorcin compound 1.75%, benzyl 

benzoate 1.2%, Peruvian balsam 1.8%, zinc And for long-term 

oxide 11.0%, and boric acid 5.0%, plus the patient comfort...recommend 
following inactive ingredients: bismuth Anusol hemorrhoidal 
subiodide, calcium phosphate, and color- — 

ing in a bland hydrogencted vegetable suppositories. A 

oil base. Each suppository contains 
Precaution Prolonged or excessive use of The ingredients of 

Anusol-HC might produce systemic cortico- Anusol-HC without the 

steroid effects. Symptomatic relief should hydrocortisone 

not delay definitive diagnosis or treatment. y T 

Dosage and Administration Anusol-HC: Warner-Chilcott 
One suppository in the morning and one at Division, Warner-Lambert Company 
bedtime for 3 to 6 days or until the inflam- Morris Plains, New Jersey 07950 
mation subsides, Regular Anusol: One ANGP-23 Rev. 


suppository in the morning, one at bedtime, 
and one immediately following each 
evacuation. 


cen | 


No place for vomiting - 
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Tigan s E 


(trimethobenzamide HCI) 


When she cannot retain fluid and medication 
during the postoperative period 
Vomiting can become a serious problem, to be prevented if possible. 


It may interfere with postsurgical procedures, obviate oral medication, 
cause fluid and electrolyte loss and slow your patient's recovery. 


Specific antinauseant /antiemetic action 


A single injection of Tigan® (trimethobenzamide HCI) I.M. may help 
to control emesis, often before it starts. Tigan is neither a phenothiazine 
nor a tranquilizer. It is designed for one purpose only—the control of 
nausea and vomiting. Even during an active episode. 


Prompt, gentle action 


Sometimes a single dose will serve to check the vomiting episode. More 
than 10 years of clinical experience attest to the safety and usefulness 
of antiemetic Tigan for your postoperative patient. 

Although occasional hypersensitivity reactions and Parkinson-like 
symptoms have been reported, side effects are generally uncommon and 
seldom require withdrawal of therapy. 


Available in three convenient forms 


Tigan’s three dosage forms, ampuls, capsules and suppositories, offer 
flexibility of administration to meet every clinical need. Usual adult 
dosage is: 

Tigan Injectable—2 ml (200 mg) £44. or q.i.d. I.M. 

Tigan Capsules—one 250-mg capsule t.4.d. or 4.4.4. 

Tigan Suppositories—one 200-mg suppository 7.4.2. or q.i.d. 


NOTE: Injectable form for I.M. administration only. 
When vomiting is not in your 
postoperative patient’ best interests, 


Before prescribing, please consult 
complete product information, a 
summary of which follows: 


Indications: Control of nausea and 
vomiting. 

Contraindications: Hypersensitivity to 
trimethobenzamide; injectable in children; 
suppositories in premature or newborn 
infants and in patients with known 
sensitivity to benzocaine or similar local 
anesthetics. 


Warnings: Drowsiness may occur; patient 
should not drive or operate machinery 
until response is determined. Safety in 
pregnancy or in nursing mothers has not 
been established. 


Precautions: During acute febrile 
illness, encephalitides, gastroenteritis, 
dehydration and electrolyte imbalance, 
especially in children, the elderly or 
debilitated, CNS reactions have been 
reported with and without use of 
antiemetic agents. In such disorders 
exercise caution in administering Tigan 
(trimethobenzamide HCl), particularly 
together with other CNS-acting agents. 
Severe emesis should not be treated with 
an antiemetic drug alone; where possible 
establish cause of vomiting. Direct pri- 
mary emphasis toward restoration of 
body fluids and electrolyte balance and 
relief of fever and causative disease 
process. Avoid overhydration which may 
result in cerebral edema. Antiemetic effects 
may impede diagnosis of such conditions as 
appendicitis and obscure signs of toxicity 
from overdosage of other drugs. 


Adverse Reactions: Occasional reports of 
hypersensitivity reactions and Parkinson- 
like symptoms; rare occurrences of blood 
dyscrasias, blurring of vision, coma, 
convulsions, depression of mood, diarrhea, 
disorientation, dizziness, drowsiness, 
headache, jaundice, muscle cram ps and 
opisthotonos have been reported. Allergic- 
type skin reactions have been reported; 
discontinue use at first sign of sensitization. 
Hypotension has been reported after 
parenteral use. 


Roche Laboratories 
Division of Hoffmann-La Roche Inc. 
Nutley, N.J. 07110 


Tigan (trimethobenzamide HCl) may be. 
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Think about it 


Benadryl 


Iniectable 
diphenhydramine HCl injection) 
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See next page for prescribing information. 
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INDICATIONS: Benadryl in the injectable form is effective 
for the following conditions when Benadryl in the oral form 
is impractical: Antihistaminic: For amelioration and pre- 
vention of allergic reactions to blood or plasma in patients 
with a known history of such reactions; in anaphylaxis as 
an adjunct to epinephrine and other standard measures 
after the acute symptoms have been controlled; and for 
other uncomplicated allergic conditions of the immediate 
type when oral therapy is impossible or contraindicated. 
Antiemetic: For active treatment of motion sickness. 
Antiparkinsonism: For use in parkinsonism (including 
drug-induced extrapyramidal reactions), when oral therapy 
is impossible or contraindicated, as follows: parkinsonism 
in the elderly who are unable to tolerate more potent 
agents, mild cases of parkinsonism in other age groups, 
and in other cases of parkinsonism in combination with 
centrally acting anticholinergic agents. 
CONTRAINDICATIONS: This drug should not be used in 
premature or newborn infants. Do not use in patients with: 
Hypersensitivity to diphen- Prostatic hypertrophy 
hydramine hydrochloride Stenosing peptic ulcer 
Asthmatic attack Pyloroduodenal obstruction 
Narrow-angle glaucoma Bladder-neck obstruction 
Preparations containing diphenhydramine hydrochloride 
should not be given to patients receiving monoamine oxi- 
dase inhibitors. 
WARNINGS: Overdosage of antihistamines may produce 
convulsions or death, especially in infants and children. As 
in the case of other preparations containing central ner- 
vous system depressant drugs, patients receiving diphen- 
hydramine hydrochloride should be cautioned about addi- 
tive effects with alcohol and other central nervous system 
depressants (hypnotics, sedatives, and tranquilizers). 
Patients who become drowsy on diphenhydramine hy- 
drochloride should be cautioned against engaging in ac- 
tivities requiring mental alertness, such as driving a car or 
operating heavy machinery or appliances. 
Pregnancy Warning: Although there is no evidence that 
the use of diphenhydramine hydrochloride is detrimental 
to the mother or fetus, the use of any drug in pregnancy or 
lactation should be carefully assessed. 
As with all anticholinergic drugs, an inhibitory effect on 
lactation may occur. 
Hypersensitivity Warning: Hypersensitivity reactions to 
diphenhydramine hydrochloride including anaphylactic 
shock, are more likely to occur following parenteral ad- 
ministration than oral administration. 
PARKE, DAVIS & COMPANY. Detroit, Michigan 48232 
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Think about it 


enadryl Injectable 
diohenhydramine HCl injection} 





PRECAUTIONS: Avoid subcutaneous or perivascular in- 
jection. 

Diphenhydramine has an atropine-like action which 
should be considered when prescribing diphenhydramine 
hydrochloride. Use with caution in patients with a history 
of asthma. 

ADVERSE REACTIONS: The following side effects may 
occur in patients receiving diphenhydramine hydrochlo- 
ride: drowsiness; confusion; nervousness; restlessness; 
nausea; vomiting; diarrhea; blurring of vision; diplopia; 
difficulty in urination; constipation; tightness of the chest 
and wheezing; thickening of bronchial secretions; dryness 
of mouth, nose, and throat; tingling, heaviness, weakness 
of hands; nasal stuffiness; vertigo; palpitation; headache; 
insomnia; urticaria; drug rash; photosensitivity; hemo- 
lytic anemia; hypotension; epigastric distress; anaphylac- 
tic shock. 

DOSAGE AND ADMINISTRATION: Benadryl in the inject- 
able form is indicated when the oral form is impractical. 
CHILDREN: 5 mg/kg/24 hr. or 150 mg/m?/24 hr. Maximum 
daily dosage is 300 mg. Divide into four doses, adminis- 
tered intravenously or deeply intramuscularly. 

ADULTS: 10 to 50 mg. intravenously or deeply intramuscu- 
larly; 100 mg. if required; maximum daily dosage is 400 mg. 

The basis for determining the most effective dosage 

regimen will be the response of the patient to medication 
and the concition under treatment. 
HOW SUPPLIED: Benadryl for parenteral use is available 
as: A sterile solution containing 10 mg. diphenhydramine 
hydrochloride in each milliliter of solution with 1:10,000 
benzethonium chloride as a germicidal agent. Supplied in 
10-ml. and 30-ml. Steri-Vials (rubber-diaphragm-capped 
vials). 

A sterile solution containing 50 mg. diphenhydramine 
hydrochloride in each milliliter of solution with 1:10,000 
benzethonium chloride as a germicidal agent and q.s. 
sodium hydroxide or hydrochloric acid to adjust.pH. Sup- 
plied in 10-mi. Steri-Vials. 

A sterile solution containing 50 mg. diphenhydramine 
hydrochloride in a 1-milliliter disposable syringe. The pH of 
the solution may have been adjusted with either sodium 
hydroxide or hydrochloric acid. Supplied in packages of 10. 

Sterile solution for parenteral use containing 50 mg. di- 
phenhydramine hydrochloride in a 1-ml. ampoule. Sup- 
plied in boxes of 10. 


PARKE-DAVIS 
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FIRST HOURS 
OF BACTERIAL 
INFECTION 
SURGICAL 
SERVICE 


You have considered the bacteria 
You have considered its susceptibility 
The renal status is unknown 
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and the patient's condition 
warrants LV. antibiotic therapy... 


Introducing 


ramyciniV 


a semi-synthet c tetracycline hyclate 





Vib 





(doxycycline hyclate ~ 


— 


for injection) E 


" 








Theonce-a-dayintravenous `~ 
antibiotic well-suited 

forthefirsthours of many  : 

bacterial infections | 








1. 
Effective in a wide range of 
i » gurgicalsituations 
1' c uding bowel infections, peritor tis, 
pyelonephritis, cholecystitis, 
prostatitis, cellulitis, abscesses 
and wounds 


WHEN CAUSED BY SUSCEPTIBLE* STRAINS OF THESE ORGANISMS 
Klebsiella pneumoniae,‘ Enterobacter aerogenes, 


. L D . + 
Escherichia coli, Bacteroides, Staphylococcus? 
*Because not all strains of pathogens are susceptib le, it is recommended that routine culture and sensitivity studies be performed : 
TRespiratory and urinary infections. 


2. 
. Won't significantly elevate BUN 
I ç atients with laboratory indicat »ns 
of impaired renal function 


3. 
The therapeutic antibacterial 
serum activity will i 
usually persist for 24 hours follov ‘ng 
once-a-day infusion 


See Brief Summary on following 
page for information on side effects, 
dosage and contraindications. 
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A semi-synthetic tetracycline hyclate 





(doxycycline hyclate 
for injection) net rl 


The once-a-day intravenous antibiotic well-suited 
for the first hours of many bacterial infections 


Vibramycin® Hyclate (doxycycline hyclate) and 

Vibramycin® Hyclate I.V. (doxycycline hyclate for injection) 

BRIEF SUMMARY 

Contraindicated: In persons hypersensitive to any of the tetracy- 
clines. 

Warnings: Use of tetracyclines during the last half of pregnancy, in- 
fancy and childhood to the age of 8 years may cause permanent 
discoloration of developing teeth. This is more common during 
long-term use of the tetracyclines but has been observed following 
repeated short-term courses. Enamel hypoplasia has also been re- 
ported. Thus, tetracyclines should not be used in this age group un- 
less other drugs are not likely to be effective or are contraindicated. 
Individuals receiving tetracycline antibiotics should be advised that 
direct sunlight or ultraviolet light can cause photosensitivity reac- 
tions. If these reactions (exaggerated sunburn) occur, discontinue 
therapy. Doxycycline forms a stable calcium complex in any bone- 
forming tissue. Fibula growth has been decreased in prematures 
given oral tetracyclines 25 mg./kg. q. 6 h., but this reaction was re- 
versible when the drug was discontinued. 

The antianabolic action of the tetracyclines may cause an in- 
crease in BUN. Studies to date indicate that this does not occur 
to a significant degree with the use of Vibramycin in patients with 
impaired renal function. 

Vibramycin Intravenous has not been studied in pregnant pa- 
tients. It should not be used in pregnant women unless, in the judg- 
ment of the physician, it is essential for the welfare of the patient. 

Animal studies indicate that tetracyclines cross the placenta, are 
found in fetal tissues and can have toxic effects on the developing 
fetus. Evidence of embryotoxicity has also been noted in animals 
treated early in pregnancy. 

The use of Vibramycin Intravenous in children uncer 8 years is 
not recommended because safe conditions for its use have not 
been established. 

Tetracyc'ines are present in the milk of lactating women who are 
taking a drug in this class. 

Precautions: Overgrowth of nonsusceptible organisms may occur, 
including fungi. If such superinfections are encountered, discon- 
tinue Vibramycin and institute appropriate therapy. 

In venereal disease when coexistent syphilis is suspected, a dark- 
field examination should be done before initiating therapy. Conduct 
monthly serological tests for at least 4 months. 

Because tetracyclines depress plasma prothrombin activity, pa- 
tients on anticoagulant therapy may require downward adjustment 
of their anticoagulant dosage. 

In long-term therapy, conduct periodic laboratory evaluation of 
organ systems, including hematopoietic, renal and hepatic. 

Treat all Group A beta-hemolytic streptococcal infections for at 
least 10 days. 

Avoid giving doxycycline with penicillin because of possible inter- 
ference with penicillin activity. 

Antacids containing aluminum, calcium, or magnesium impair 
absorption and should not be given concomitantly to patients taking 
oral Vibramycin. 

Adverse Reactions: Anorexia, nausea, vomiting, diarrhea, glossitis, 


dysphagia. enterocolitis, inflammatory lesions (with monilial over- 
growth) in the anogenital region, maculopapular and erythematous 
rashes, exfoliative dermatitis, photosensitivity, urticaria, angio- 
neurotic edema, anaphylaxis, anaphylactoid purpura, pericarditis, 
exacerbation of systemic lupus erythematosus, hemolytic anemia, 
thrombocytopenia, neutropenia and eosinophilia have been re- 
ported. Prolonged administration of tetracyclines may produce 
brown-black microscopic discoloration of thyroid glands. No ab- 
normalities of thyroid function studies are known to occur. Bulging 
fontanels have been reported in young infants on therapeutic dos- 
age but disappeared when the drug was discontinued. A dose- 
related rise in BUN has been reported. 

Oral Adult and Children’s Dosages: See the Vibramycin Oral pack- 
age insert for recommended dosage schedules for adults and 
children. 

Intravenous Dosage and Administration: Note: Rapid administration 
is to be avoided. Parenteral therapy is indicated only when oral 
therapy is not indicated. Oral therapy should be instituted as soon 
as possible. If intravenous therapy is given over prolonged periods 
of time, thrombophlebitis may result. 

The usual dosage and frequency of administration of Vibramycin 
I.V. 1100-200 mg./day) differs from that of the other tetracyclines 
(1-2 Gm./day). Exceeding the recommended dosage may result in 
an increased incidence of side effects. 

Studies to date have indicated that Vibramycin, at the usual rec- 

ommended doses, does not lead to excessive accumulation of the 
antibiotic in patients with renal impairment. 
Intravenous Adult Dosage: The usual dosage of Vibramycin I.V. is 
200 mg. on the first day of treatment administered in one or two in- 
fusions. Subsequent daily dosage is 100 to 200 mg. depending on 
the severity of infection, with 200 mg. administered in one or two 
infusions. 

In the treatment of primary and secondary syphilis, the recom- 
mended dosage is 300 mg. daily for at least 10 days. 

Intravenous Children's Dosage: The recommended dosage schedule 
for children weighing 100 pounds or less is 2 mg./Ib. of body weight 
on the first day of treatment, administered in one or two infusions. 
Subsequent daily dosage is 1 to 2 mg./Ib. of body weight given as 
one or two infusions, depending on the severity of the infection. For 
children over 100 pounds the usual adult dose should be used. (See 
"Warning" Section for Usage in Children.) 

General: The duration of infusion may vary with the dose (100 to 
200 mg. per day), but is usually one to four hours. A recommended 
minimum infusion time for 100 mg. of a 0.5 mg./ml. solution is one 
hour. Desired concentrations of the final solution should be 0.2 
mg./ ml. to 0.5 mg./ml. Concentrations below 0.1 mg./ml. or above 
1.0 mg./ml. are not recommended. Therapy should be continued for 
at least 24-48 hours after symptoms and fever have subsided. The 
therapeutic antibacterial serum activity will usually persist for 24 
hours following recommended dosage. 

Intravenous solutions should not be injected intramuscularly nor 
subcutaneously. Caution should be taken to avoid the inadvertent 
introduction of the intravenous solution into the adjacent soft tissue. 

More detailed professional information available on quest. 


Capsules equivalent to 


For follow-up therapy/ Vibramycin hyciate Capsules 


(doxycycline hyclate) 


50 mg. and 100 mg. doxycycline 


A semi-synthetic tetracycline 
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PFIZER INC.. NEW YORK. N Y 10017 


Microbicidal power 
of BETADINE Surgical Scrub was 
used in Apollo 11/12 Splashdowns 





Golden microbicidal lather for 

optimal degerming of skin 

Selected by NASA for decontamination procedures in Apollo 11/12 Splashdowns, BETADINE 
Surgical Scrub offers outstanding advantages for degerming the hands of the surgical team. 
Some scrubs are merely bacteriostatic. BETADINE Surgical Scrub is decisively microbicidal. 


Some scrubs inhibit mainly gram-positive bacteria. BETADINE Surgical Scrub kills both gram-positive 
and gram-negative bacteria. 


Some scrubs have a limited antibacterial action. BETADINE Surgical Scrub kills bacteria, fungi, 
viruses, protozoa, and yeasts. 


Some scrubs require repeated usage for several days before achieving their full antibacterial effect. 
BETADINE Surgical Scrub is fully effective with each application. 


Use BETADINE Surgical Scrub for prompt, effective degerming action for operating personnel. 
BETADINE Surgical Scrub is virtually nonirritating. In the rare instance of local irritation or sensitivity, 
discontinue use in the individual. BETADINE Surgical Scrub does not stain the skin and natural 

fabrics. Bibliography available on request. 
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© COPYRIGHT 1970, THE PURDUE FREDERICK COMPANY, YONKERS. NEW YORK 10701 E39670 


Nowadays, no matter where the 
For surgeons incision, the scar is likely to be 
on public view. Help make it a 
who believe 


beautiful one with the aid of 


- © e © 
m bikinis. PROLENE Suture, the mono- 


filament whose smoothness is a 
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real help in tissue approximation. 
The inert suture that glides so 
easily through tissue that pull-out 
is easy for you...easy on the patient. 


PROLENE 


TRADEMARK 


Polypropylene Suture 
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for sepsis ana 
oneunmonias' 


Over the years, Keflin has been, and 
continues to be, a logical choice of surgeons 
forthe treatment of sepsis and pneumonias 
with or without septicemia or shock when due 
to susceptible strains of Klebsiella, Escherichia 
coli, and Proteus mirabilis. Pseudomonas is 
resistant; many strains of enterococci, such as 
Streptococcus faecalis, are relatively resistant. 
Keflin is contraindicated in persons who have 
shown hypersensitivity to cephalosporins and 
should be used with caution in patients allergic 
to penicillin. 


The prompt administration of Keflin has 
proved to be useful in the hospital for the 
treatment of sepsis, particularly if shock is 
present or impending. Furthermore, it may even 
be given to: 


e patients with impaired renal function, at 
reduced dosage 


* patients with low host resistance 


e those with coexisting complications, such 
as malnutrition, trauma, and malignancy 


Since the introduction of Keflin, the 
susceptibilities of commonly encountered 
organisms, as measured by in-vitro methods, 
have not changed significantly. 


*due to susceptible organisms 
t equivalent to cephalothin 


Keflin LV. 


sodium cephalothin 
2 Gm.t in 100-ml. ampoule 


IO years of 


clinical 
experience 


Keflin was made available for 
clinical investigation early in 1962 and 
was marketed on September 4, 1964. 
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Please turn page for prescribing information. 


ATA 


Description: Keflin® (sodium cephalothin, 
Lilly) is a semisynthetic cephalosporin an- 
tibiotic for parenteral use. It is the sodium 
salt of 7-(thiophene-2-acetamido) cephalo- 
sporanic acid. The sodium content is 55 
mg. per Gm. of cephalothin. 


Actions: The bactericidal action of cepha- 
lothin results from inhibition of cell-wall 
synthesis. In-vitro and in-vivo activity has 
been demonstrated against strains of the 
following micro-organisms: 
Staphylococcus aureus (penicillin-sen- 
sitive and penicillinase-producing) 
Beta-hemolytic and other streptococci 
(many strains of enterococci, e.g., 
Streptococcus faecalis, are relatively 
resistant) 
Pneumococci 
Clostridia 
Hemophilus influenzae 
Neisseria gonorrhoeae 
Escherichia coli and other coliform bac- 
teria 
Klebsiella-Aerobacter sp. 
Proteus 
Salmonella sp. 
Shigella sp. 


Indications: Keflin is indicated in the treat- 
ment of serious infections of the respira- 
tory tract, genito-urinary tract, soft tissue 
and skin, gastro-intestinal tract, bones and 
joints, bloodstream, and cardiovascular 
system due to susceptible organisms. Also, 
it has beeh effective in cases of peritonitis, 
septic abortion, and staphylococcus and 
pneumococcus meningitis. Effectiveness 
has not been established in other types of 
meningeal infection. 

Appropriate culture and susceptibility 
studies should be performed to determine 
susceptibility of the causative organism 
to Keflin. 


Contraindication: Keflin is contraindicated 
in persons who have shown hypersensitiv- 
ity to cephalosporin antibiotics. 
Warnings: IN PENICILLIN-SENSITIVE PA- 
TIENTS, CEPHALOSPORIN C DERIVATIVES 
SHOULD BE USED WITH GREAT CAUTION. 
THERE IS CLINICAL AND LABORATORY EVI- 
DENCE OF PARTIAL CROSS-ALLERGENICITY 
OF THE PENICILLINS AND THE CEPHALO- 
SPORINS. INSTANCES OF PATIENTS WHO 
HAVE HAD SEVERE REACTIONS TO BOTH 
DRUGS, INCLUDING DEATH FROM ANAPHY- 
LAXIS, HAVE BEEN REFORTED. 


Any patient who has demonstrated some | 


form of allergy, particularly to drugs, 
should receive antibiotics cautiously and 
then only when absolutely necessary. No 
exception should be made with regard to 
Keflin. 


Usage in Pregnancy—Safety of this prod- 
uct for use during pregnancy has not been 
established. 


Precautions: Patients should be followed 
carefully so that any side-effects or un- 
usual manifestations of drug idiosyncrasy 
may be detected. If an allergic reaction to 
Keflin occurs, the drug should be discon- 
tinued and the patient treated with the 
usual agents (e.g., epinephrine, antihista- 
mines, pressor amines, or corticosteroids). 
When Keflin is administered to patients 
with transient or persistent reduction of 
urinary output due to impaired renal func- 
tion, the total daily dose should be re- 
duced. Careful clinical observation and 
laboratory studies should be made, be- 
cause higher and more prolonged sys- 
temic antibiotic concentrations can occur 
(see Administration and Dosage below). 
When intravenous doses of cephalothin 
larger than 6 Gm. daily are given by infu- 


hydrocortisone to intravenous solutions 
containing 4 to 6 Gm. of cephalothin may 
reduce the incidence of thrombophlebitis. 
The use of small I.V. needles in the larger 
available veins may be preferred. 

Prolonged use of Keflin® (sodium ceph- 
alcthin, Lilly) may result in the overgrowth 
of nonsusceptible organisms. Constant ob- 
servation of the patient is essential. If 
superinfection occurs during therapy, ap- 
propriate measures should be taken. 

A false-positive reaction for glucose in 
the urine may occur with Benedict's or 
Fehling's solution or with Clinitest® tablets 
but not with Tes-Tape® (urine suger anal- 
ysis paper, Lilly). 


Adverse Reactions: Hypersensitivity— 
Maculopapular rash, urticaria, reactions 
resembling serum sickness, and anaphy- 
laxis have been reported. Eosinophilia and 
drug fever have been reported as asso- 
ciated with other allergic reactions. These 
reactions are most likely to occur in pa- 
tients with a history of allergy, particularly 
to penicillin. 


Blood—Neutropenia and hemolytic ane- 
mia have been reported. Some individuals, 
particularly those with azotemia, have de- 
veloped positive direct Coombs tests dur- 
ing cephalothin therapy. 


Liver—Transient rise in SGOT has been 
reported. 


Kidney—Rise in BUN has been observed; 
however, some patients with elevated BUN 
at the beginning of cephalothin therapy 
have had values return to norma! during 
therapy. 










Local Reactions—Pain, induration, ten- 
derness, and elevation of temperature have 
been reported following repeated intra- 
muscular injections. Thrombophlebitis has 
occurred and is usually associated with 
daily doses of over 6 Gm. given by infusion 
for more than three days. 


Administration and Dosage: /n adults, the 
usual dosage range is 500 mg. to 1 Gm. of 
cephalothin every four to six hours. A dos- 
age of 500 mg. every six hours is adequate 
in uncomplicated pneumonia, furunculosis 
with cellulitis, and most urinary tract in- 
fections. In severe infections, this may be 
increased by giving the injections every 
four hours or, when the desired response 
is not obtained, by raising the dose to 
] Gm. In life-threatening infections, doses 
up to 2 Gm. every four hours may be re- 
quired. 


In infants andchildren,the dosage should 
be proportionately less in accordance with 
age, weight, and severity of infection. Daily 
administration of 50 mg. per Kg. (40 to 80 
mg. per Kg. or 20 to 40 mg. per pound) in 
divided doses has been found effective for 
most infections susceptible to Keflin. 


For additional information regarding 
dosage and administration, see package 
literature. 


How Supplied: Ampoules Keflin9 (Sterile 
Sodium Cephalothin, U.S.P.), equivalent 
to 1 Gm. cephalothin, 10-ml. size, rubber- 
stoppered; equivalent to 2 Gm. cephalo- 
thin, 100-ml. size, rubber-stoppered; 
equivalent to 4 Gm. cephalothin, 50-ml. 
size, rubber-stoppered. [031971] 


on Ihe surgical service... 


Keflin LV. 


sodium cephalothin 


2 Gm* in 100-ml. ampoule 
*equivalent to cephalothin 
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Additional information 
available to the 
profession on request. 


; Eli Lilly and Company 
Indianapolis, Indiana 46206 
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our best way to give surgeons 





the packs and gowns they want 


Listening with understanding. It es- 
tablishes guidelines for putting the 
full design capability of Kimberly- 
Clark to work on accurate problem 
solving. Proof of our listening well 
can be found in Kimlon® surgical 
packs and gowns. 

Kimlon surgical packs offer a 
number of surgeon-oriented fea- 
tures: positioning tapes that permit 
quick, precise placement of the 
fenestration, keep it in position, 
prevent flow of fluids under the 
drape; a textured foam area sur- 
rounds the fenestration to guard 
against fluid run-off, instrument 
slippage, reflective glare. The non- 
woven fabric in Kimlon packs 


© Kimlon 


o KIMBERLY-CLARK CORPORATION 





Health Care Products Division—Dept. A.S. 
Neenah, Wisconsin 54956 


drapes softly and smoothly. 

Kimlon surgical gowns, too, are 
made to meet surgeons’ specifica- 
tions. Exclusive beltless design 
provides cooler wear, greater free- 
dom of movement and an end to 
annoying ‘‘blousing” above the 
waist. Kimlon gowns’ adjustable 
closures assure comfortable fit and 
greater covered back protection. 
An invitation to OR supervisors. 
Listening makes it possible to give 
you superior products. An in-hospi- 
tal demonstration will convince you 
Kimlon gowns and surgical packs 
set new levels of OR efficiency, 
convenience and comfort. Ask us 
to send a representative. 
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Plasma Blood Macrodex Rheomacrodex Normai saline 


i "n 


Volume increase 


Immediately after the After 12 hours After 4 hours = 
infusion of 500 ml. 


Comparative volume expansion 
in hypovolemic subjects 


(Adapted from Alinefeld, F. W. et al.: 
Anaesthesist 14:137, 1965) 





pr ost Artist's regderiag of 
Ace erythrocyte aggregation 
similar to that encountered 
in shock. 


Typical dispersion of angregates 


following Bheomacredex 
infusion. 
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Rheomacrodex 
(dextran 40) 


Contraindications: Marked thrombo- 
cytopenia, hypofibrinogenemia or renal 
disease with severe oliguria or anuria. 
Warnings: Since dextran-40 draws water 
from extravascular space, dehydrated 
patients should be given additional fluids. 
The degree of dehydration can be assessed 
by serum or urine osmolarity tests. 
Diuretics may be used to maintain adequate 
urine flow. Renal failure, osmotic nephrosis 
and, occasionally, abnormal hepatic and 
renal function values have been reported. 
Because safety in early pregnancy has not 
been established, do not use in women of 
childbearing age unless potential benefits 
outweigh risks. Use with caution in 
patients with active bleeding, because 
improved perfusion pressure and flow may 
cause further blood loss. 

Precautions: Dosages above 20 ml./kg. 
may prolong bleeding time. To avoid excess 
dosage with circulatory overloading, moni- 
toring of central venous pressure is recom- 
mended. Do not depress hematocrit below 
30 vol.%. 

Because the presence of Rheomacrodex can 
interfere with bilirubin and protein assays, 
blood glucose determinations, and some 
blood typing and cross matching procedures, 
it is recommended that blood samples for 
these tests be drawn prior to infusion of 
Rheomacrodex or that the lab be informed 
that Rheomacrodex has been administered 
so that suitable assay methods be applied. 
Adverse Reactions: Mild urticaria has 
occurred in a few patients. More severe 
allergic reactions including generalized 
urticaria, tightness of chest, wheezing, 
hypotension, nausea and vomiting may 
occur rarely. They may be relieved by 
parenteral epinephrine, ephedrine or 
antihistamines. 

Dosage: Total dosage should not exceed 
20 ml./kg. in the first 24 hours or 10 ml./kg. 
in each subsequent 24 hours. Do not 
continue beyond 5 days. 

Supplied: Bottles of 500 ml. 1076 solution 
in normal saline or in 5% aqueous dextrose. 


References: 

1. Ahnefeld, F.W., Halmagyi, M., and Uberla, K.: 
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3. Gruber, U.F., Bergentz, S.E., and Fritjofsson, 
A.: Symposium on Rheomacrodex I (1964), pp. 
13-23. 4. Mainardi, L.C., Bhanganada, K., Mack, 
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vasc Surg 4:610 (Aug.) 1963. 6. Suzuki, F., Baker, 
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(Aug.) 1964. 7. Baker, R.J., St. Ville, J.M., Suzuki, 
F., and Shoemaker, W.C.: Arch Surg 90:538 (Apr.) 
1965. 8. Baker, R.J., Shoemaker, W.C., Suzuki, F., 
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(Aug.) 1964. 9. Mohr, P.A., Monson, D.O., 
Owczarski, C., and Shoemaker, W.C.: Circulation 
39:379 (1969). 10. Carey, J.S., Woodward, N.W., 
Mohr, P.A., Suzuki, F., Brown, R.S., Baker, R.J., 
and Shoemaker, W.C.: Surg Gynec Obstet 121:563 
(Sept.) 1965. 11. Carey, J.S., Brown, R.S., Wood- 
ward, N.W., Yao, S.T., and Shoemaker, W.C.: 
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PHARMACIA LABORATORIES INC. 
Piscataway, New Jersey 08854 
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R for heart 
patients: 


"understanding' 


The authors of YOUR HEART: Complete Information for the 
Family write, “Often, understanding may mean the differ- 
ence between despair and great hope, between invalidism 
and productive living, even between death and life." With 
this idea in mind, they have compiled a thorough survey of 
everything the heart patient and his family should know 
about the heart, its diseases, and their treatment. 

The authors are eminently qualified for their task. Dr. 
Likoff, a Past President of the American College of Cardi- 
ology, is a Clinical Professor of Medicine at the Hahnemann 
Medical College and Hospital in Philadelphia. Dr. Segal is 
a Clinical Associate Professor of Medicine at the Hahne- 
mann College and a member of the Board of Trustees of 
the American College of Cardiology. Noted science 
writer Lawrence Galton adds his own special skill of com- 
municating technical information in simple layman's terms. 

Paul Dudley White, M.D., recommends YOUR HEART: "It 
is a pleasure to recommend this little book to laymen, 
especially to families who are concerned because of the 
presence in their midst of some member who has heart 
disease. ... It is readable, practical, and comprehensive." 


Order copies today for your patients and their families. 
Discount schedule: 11-15 copies. ...... 30% 


2-5 COPIESS «sex us 20% 16-20 copies....... 35% 
6-10 copies........ 25%  210rmore copies. . .4096 


YOUR HEART: Complete Information for the Family 
by WILLIAM LIKOFF, M.D., BERNARD SEGAL, M.D. 
and LAWRENCE GALTON 

















J.B. LIPPINCOTT 
COMPANY 
P.O. Box 8340, 
Philadelphia, Pa. 19101 
Send me, postage paid, 
. ... copy (ies) of YOUR 
HEART: Complete Information 
for the Family @ $6.95 each (see 
discount schedule for quantity 
orders). [Q | enclose check for $ 
O Bill my account. 








Address 











City = 
i State Zip E 
à Residents of Pa., N.J., N.Y., N.C., N. Dak., N.M., Ark., Cal., Tenn., 
t please add state and local taxes. AS 11/72 
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FIND HAPPINESS WITH BOWEL STASIS? 


Of course not. That's why FLEET? ENEMA 


is used so often on the third postopera- 


tive day. It virtually assures evacuation 
without pain or discomfort. 

FLEET ENEMA Cleanses the left colon 
and rectum in minutes (five at the most), 
inducing a physiological pattern of evac- 
uation that spares bedridden patients 


the cramping of oral laxatives, the burn- 
ing of suppositories, and the irritation 
of soapsuds enemas. 

And Fleet ENEMA is completely, but 
completely, disposable: there's nothing 
to fill, nothing to assemble, nothing to 
clean. 


FLEET ENEMA. Happiness for the post- 





| 
FLEET ENEMA 
 TMEPROFESSIONAL | 











operative patient with bowel stasis and 
for his doctor. 


Warning: Frequent or prolonged use of enemas 
may result in dependence. Take only when 
needed or when prescribed by a physician. Do 
not use when nausea, vomiting, or abdominal 
pain is present. Caution: Do not administer to 
children under two years of age unless directed 
by a physician. 


C. B. FLEET CO., INC. 
Fleet Lynchburg, Va. 24505 





The management of anxiety in hospitalized 
patients: some important considerations 


Not all hospitalized anxious patients 
require antianxiety medication 

A certain amount of anxiety is normal to the 
experience of hospitalization. The patient is sepa- 
rated from his family, finds himself in strange 
surroundings and is uncertain of what lies ahead. 
Such anxiety, appropriate to the patient's situ- 
ation, will not require antianxiety drug therapy 
unless it becomes unduly pronounced or inter- 
feres with medical procedures. Various factors 
must be weighed before undertaking treatment 
of patients with clinically significant anxiety. 
Some important considerations are: 


1. Is the patient experiencing a level 
of anxiety normal to hospitalization? 

It is quite possible that the patient's anxiety 
is appropriate in relation to the situation he is in 
and may even help facilitate his adaptation to it. 
However, when anxiety is elevated to the point 
where it interferes with diagnostic, medical or 
surgical procedures through its effects on body 
function and behavior, it becomes both dispro- 
portionate and deleterious, and suitable anti- 
anxiety medication may be indicated. 


2. Is the patient's anxiety a significant 
factor in functional complaints or organic 
symptoms? 

If the patient's anxiety provokes functional 
complaints or exacerbates organic symptoms, it 
assumes clinical significance and adjunctive anti- 
anxiety medication may be indicated. Reduction 
of excessive anxiety may be attended by sympto- 
matic relief when the anxiety induces or compli- 
cates syndromes affecting the cardiovascular, 
gastrointestinal, musculoskeletal or other body 
systems. 


3. Does the patient's level of anxiety indi- 
cate the need for psychiatric consultation? 

If the patient is severely disturbed, registering 
acute anxiety, a consultation should be considered. 


The patient may require the specialized attention 
of a psychiatrist or psychiatric facility. 


4. Will the patient's anxiety adversely 
affect diagnostic or surgical procedures? 

Anxiety of excessive magnitude can be dis- 
ruptive of medical procedures. Librium (chlordi- 
azepoxide HCI) can reduce anxiety to appropriate, 
tolerable levels, thus promoting improved physician- 
patient rapport and encouraging patient 
participation in such procedures 
as may be required. 


5. Will reas- 
surance alone be 
sufficient, ren- 
dering antianxi- 
ety medication 
unnecessary? 

Where anxiety 
is not especially 
marked, it is often 
feasible to relieve the 
patient's apprehen- 
sion by counseling and 
reassurance without 
resort to antianxiety 
medication. 










6. In view of the patient's age and con- 
dition, what is the proper dosage of Librium 
(chlordiazepoxide HCI) to be employed 
when required? 

The appropriate dose of Librium will vary 
from as little as 5 mg daily to 100 mg daily, de- 
pending on the patient's age, physical condition 
and the severity of the symptoms of anxiety. 
Initial dosage should be decreased or increased 
as indicated, and antianxiety medication should 
be discontinued when no longer required. For 
preoperative anxiety, Librium may be given in 

dosage of 5 to 10 mg orally t.i.d. or q.i.d. 
on days preceding surgery; as pre- 
operative medication, 50 to 
100 mg I.M. is given 

one hour prior to sur- 

gery when indicated. 
(Complete product in- 
formation should be con- 
sulted before prescribing 
Librium.) 
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7. Is concomitant therapy indicated? 

In many cases anxiety is associated with func- 
tional or organic disorders requiring primary 
medication. If the anxiety is clinically significant, 
Librium (chlordiazepoxide HCI) is used concomi- 
tantly with certain specific medications of other 
classes of drugs, e.g., cardiac glycosides, diuretics 
and antihypertensive agents. 


8. For how long should therapy be 
continued? 

Therapy with Librium should be continued 
only until the patient’s anxiety has been reduced 
to appropriate, tolerable levels. 


9. What specific precautions should be 
observed? 


In elderly and debilitated patients, it is 
recommended that the dosage be limited to the 
smallest effective amount to preclude the devel- 
opment of ataxia or oversedation (10 mg or less 
per day initially, to be increased gradually as 
needed and tolerated). In general, the concomitant 
administration of Librium and other psychotropic 
agents is not recommended. 


when effective antianxiety 
medication is indicated in the hospital 


Librium: 
(hlordiazepoxide HCI) 
5-mg, 10-mg, 25-mg capsules 


Roche Laboratories 
Division of Hoffmann-La Roche Inc 
Nutley, N.J. 07110 


Please see following page for 
summary of product information —~ 


Librium’ 
Chlordiazepoxide HCI) 
5-mg, 10-mg, 25-mg capsules 


up to 100 mg daily in severe anxiety 


Record of effectiveness 


The dependable antianxiety action of Librium 
(chlordiazepoxide HCl) has been demonstrated in 
over 12 years of clinical use in a broad range of 
applications: anxiety and tension occurring alone or 


in association with cardiovascular, gastrointestinal 


Mental acuity seldom impaired 


In proper maintenance dosage, Librium helps 
calm the anxious patient, usually without unduly 
interfering with mental acuity or ability to perform. 
It is thus especially useful in anxious patients who 
must continue to fulfill daily responsibilities. As is 


Suitable for extended therapy 


When extended antianxiety medication is indi- 
cated, Librium is particularly suitable because of 
its high patient acceptance, wide margin of safety 


and the fact that its benefits are usually maintained 


Before prescribing, please consult complete 
roduct information, a summary of which 
ollows: 
Indications: Relief of anxiety and tension 
occurring alone or accompanying various 
disease states. 
Contraindications: Patients with known 
hypersensitivity to the drug. 
Warnings: Caution patients about possible 
combined effects with alcohol and other 
CNS depressants. As with all CNS-acting 
drugs, caution patients against hazardous 
occupations requiring complete mental 
alertness (e.g., operating machinery, driv- 
ing). Though physical and psychological 
dependence have rarely been reported on 
recommended doses, use caution in admin- 
istering to addiction-prone individuals or 
those who might increase dosage; with- 
drawal symptoms (including convulsions), 
following discontinuation of the drug and 
similar to those seen with barbiturates, 
have been reported. Use of any drug in 
— lactation, or in women of child- 
earing age requires that its potential 
benefits be weighed against its possible 
hazards. 
Precautions: 
ORAL: In the elderly and debilitated and in 
children over six, limit to smallest effective 
dosage (initially 10 mg or less per day) to 
preclude ataxia or oversedation, increasing 
gradually as needed and tolerated. Not 
recommended in children under six. 
INJECTABLE: Keep patients under observa- 
tion, preferably in bed, up to three hours 
after initial injection; forbid ambulatory 
patients to operate vehicle following 
injection; do not administer to patients in 
shock or comatose states; use reduced 
dosage (usually 25 to 50 mg) for the elderly 
or debilitated and for children age twelve 
or older. 


ORAL AND INJECTABLE: Though generally 
not recommended, if combination therapy 
with other psychotropics seems indicated, 
carefully consider individual pharmaco- 
logic effects, particularly in use of potentiat- 
ing compounds such as MAO inhibitors 
and phenothiazines. Observe usual pre- 
cautions in presence of impaired renal or 
hepatic function. Paradoxical reactions 
(e.g., excitement, stimulation and acute 
rage) have been reported in psychiatric 
patients and hyperactive aggressive chil- 
dren. Employ usual precautions in treat- 
ment of anxiety states with evidence of 
impending depression; suicidal tendencies 
may be present and protective measures 
necessary. Variable effects on blood coagu- 
lation have been reported very rarely in 
patients receiving the drug and oral 
anticoagulants; causal relationship has not 
been established clinically. 

Adverse Reactions: Drowsiness, ataxia and 
confusion may occur, especially in the 
elderly and debilitated. These are reversible 
in most instances by proper dosage adjust- 
ment, but are also occasionally observed at 
the lower dosage ranges. In a few instances 
syncope has been reported. Also encoun- 
tered are isolated instances of skin erup- 
tions, edema, minor menstrual irregu- 
larities, nausea and constipation, extra- 
pyramidal symptoms, increased and 
decreased libido — all infrequent and 
generally controlled with dosage reduction; 
changes in EEG patterns (low-voltage fast 
activity) may appear during and after 
treatment; blood dyscrasias (including 
agranulocytosis), jaundice and hepatic 
dysfunction have been reported occasion- 
ally, making periodic blood counts and liver 
function tests advisable during protracted 
therapy. 

With the injectable form, isolated instances 


and other disease states; and preoperative anxiety. 
When anxiety has been reduced to appropriate, 
tolerable levels, therapy with Librium 
(chlordiazepoxide HCI) should be discontinued. 


true of all CNS-acting drugs, when therapy with 
Librium is initiated, patients should be cautioned 
against hazardous occupations requiring complete 
mental alertness, such as operating machinery or 
driving a motor vehicle. 


without the need for increase in dosage. When 
therapy is protracted, periodic blood counts and 
liver function tests are advisable. 


cf hypotension, tachycardia and blurred 
vision have been reported; also hypo- 
tension associated with spinal anesthesia, 
and pain following I.M. injection. 

Usual Daily Dosage: Individualize for 
maximum beneficial effects. Oral: Adults: 
Mild and moderate anxiety and tension, 

5 or 10 mg t.i.d. or q.i.d.; severe states, 20 or 
25 mg t.i.d. or q.i.d. Geriatric patients: 5 mg 
b.i.d. to q.i.d. (See Precautions.) 

For Parenteral Administration: Should be 
individualized according to diagnosis and 
response. While 300 mg may be given dur- 
ing a 6-hour period, do not exceed this dose 
in any 24-hour period. To control acute 
conditions rapidly, the usual initial adult 
dose is 50 to 100 mg I.M. or I.V. Subsequent 
treatment, if necessary, may be given orally. 
(See Precautions.) 

Supplied: 

Oral: Librium? (chlordiazepoxide HCI) 
Capsules—5 mg, 10 mg and 25 mg — bottles 
of 100 and 500; Tel-E-Dose® packages of 1000. 
Libritabs® (chlordiazepoxide) Tablets —5 mg, 
10 mg and 25 mg — bottles of 100 and 500. 
Injectable: Librium® (chlordiazepoxide HCI) 
Ampuls— Duplex package consisting of a 
5-ml dry-filled ampul containing 100 mg 
chlordiazepoxide HCI in dry crystalline 
form, and a 2-ml ampul of Special Intra- 
muscular Diluent (for I.M. administration). 
Before preparing solution for I.M. or I.V. 
administration, please consult package 
insert for instructions on preparation and 
administration of solutions. Boxes of 10. 


Roche Laboratories 
Division of Hoffmann-La Roche Inc 
Nutley, N.J. 07110 


Very little is the correct answer...even though the number of 
tablets is 4,380. That's because these tablets are 
Ascriptin—the Maalox protected aspirin. 

Ascriptin provides 5 grains of aspirin. Yet...thanks to 
Maalox (magnesium-aluminum hydroxide), the most 


widely preferred of all antacids—it guards 

against aspirin-induced gastric distress as well. 

No wonder more and more physicians today rely SC 
on Ascriptin for long-term salicylate therapy. 


Maalox-protected 





aspirin 


WILLIAM H. RORER, INC. 
Fort Washington, Pa. 19034 
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The Zimmer burn-therapy system 
Brown Air Dermatome 
Meshgrait Il Dermatome 


to complement your skills in 
meeting the life demands of 
this critical condition 















Brown Air Dermatome: the precision air instrument of choice 
for smoohly and precisely obtaining split thickness skin grafts of 
uniform depth and width. This dependable instrument provides 
micrometer adjustment for graft thickness and an easily operated 
width selector. 


A convenient hand throttle and smooth operation facilitates 
your complete control of the Brown Air Dermatome during this 
demanding surgical procedure. 


Meshgraft II Dermatome: the unique instrument that accurately 
meshes skin grafts for expanded area coverage. 


Cut edge exposure is greatly increased for more rapid epitheliza- 
tion. Take is enhanced by improved drainage and reduced fluid 
accumulation under the graft.'? The flexibility of the Meshgraft 
allows it to more easily cover complex body contours. This is 
essential in those critical cases where patients lack sufficient 
donor areas.’ Expansion ratios of 12:1, 3:1, 6:1, or 
9:1 are obtainable by selecting the appropriate, 
sterile Dermacarrier Il. 

Ask your Zimmer Representative for a demonstration of this burn- 
therapy system in your hospital. 

1. Tanner, J.C., Vandeput, J., and Olley, J.F.: The Mesh Skin Graft; Plastic. 

Reconst. Surg. 34:287, 1964. 


2. Tanner, J.C., Vandeput, J., and Bradley, W.H.: Two Years with Mesh Skin 
Grariing; Amer. J. Surg. 111: 543, 1966. 


A ZIMMER: USA 


Warsaw, Indiana 46580 
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Ketalar 
(Ketamine HCI) 


Progress 
Report 


One year of nationwide 
clinical use; one decade of 
research and development 
at Parke-Davis. A continu- 
ing program that has 

made KETALAR anesthesia 
a reality. 





In routine induction, 
a smooth, 
uncomplicated start 





In high-risk surgery, 
an added measure 
of safety 


KETALAR lessens surgical risk 
for many emergency and 
“poor-risk’’ patients. It often 
elevates blood pressure. It 
usually affects respiration 
minimally and leaves pro- 
tectivelaryngeal-pharyngeal 
reflexes intact. Airway pa- 
tency can usually be main- 
tained without intubation. 


KETALAR provides efficient 
induction for practically any 
anesthetic regimen and is ad- 
ministered I.M. or IV. which 
greatly simplifies the proce- 
dure for children and adults 
alike. KETALAR is also clini- 
cally compatible with com- 
monly used general anes- 
// |thetics, pre- and postanes- 

; |thetic medications, includ- 
ing anticholinergics, muscle 
relaxants, and tranquilizers. 
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In short procedures, absence of tachyphylaxis 
more problems and organ/tissue accumula- 


tion is a definite plus in re- 
USE petitive procedures. Grow- 


ing experience with 
KETALAR, as sole agent, KETALAR shows that emer- 
simplifies and improves an- |gence reactions can be ef- 
esthesia in a host of “prob-  |fectively reduced by allow- 
lem procedures." It has ing patients to awaken 
proven to be especially valu- [naturally with minimal ver- 
able in the management of [bal or tactile stimulation, 
severe burn patients, and its and, where indicated, by 
rapid and profound anal- _|employing agents such as 
gesic effect provides a major droperidol or diazepam. 
advantage in numerous — 

painful diagnostic tests and |In pediatrics, a new 
short surgical procedures — lera in anesthesia 
not requiring skeletal mus- 

cle relaxation. The virtual ^ |KETALAR anesthesia repre- 
sents a milestone in the 
management of infants and 
children. It offers — for the 
first time — efficient general 
anesthesia by intramuscular 
injection. In terms of both 
efficacy and convenience, 
the clinical experience with 
KETALAR may qualify it in 
many instances as the agent 
of choice for pediatric 
anesthesia. 

KETALAR UPDATE: 

Now indicated for use in 
cardiac catheterization. 
Now available in new 

100 mg./ml., 5 ml. vials 

for IM use. 
















See next page for prescribing information. 


Ketalar 
(Ketamine HCI) 
Parke-Davis 


advancement in 
anesthesiology 
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advancement in XO 
anesthesiology OR 


KETALAR (Ketamine Hydrochloride) 


SPECIAL NOTE: EMERGENCE REACTIONS HAVE OC- 
CURRED IN APPROXIMATELY 12 PER CENT OF PA- 
TIENTS. 

THE PSYCHOLOGICAL MANIFESTATIONS VARY IN SE- 
VERITY BETWEEN PLEASANT DREAM-LIKE STATES, 
VIVID IMAGERY, HALLUCINATIONS AND EMERGENCE 
DELIRIUM. IN SOME CASES THESE STATES HAVE BEEN 
ACCOMPANIED BY CONFUSION, EXCITEMENT, AND 
IRRATIONAL BEHAVIOR WHICH A FEW PATIENTS RE- 
CALL AS AN UNPLEASANT EXPERIENCE. THE DURA- 
TION ORDINARILY LASTS NO MORE THAN A FEW 
HOURS; IN A FEW CASES, HOWEVER, RECURRENCES 
HAVE TAKEN PLACE UP TO 24 HOURS POSTOPERA- 
TIVELY. NO RESIDUAL PSYCHOLOGICAL EFFECTS ARE 
KNOWN TO HAVE RESULTED FROM USE OF KETALAR. 
THE INCIDENCE OF THESE EMERGENCE PHENOMENA 
IS LEAST IN THE YOUNG (15 YEARS OF AGE OR LESS) 
AND ELDERLY (OVER 65 YEARS OF AGE) PATIENT. 
ALSO, THEY ARE LESS FREQUENT WHEN THE DRUG IS 
GIVEN INTRAMUSCULARLY. 

THESE REACTIONS MAY BE REDUCED IF VERBAL, TAC- 
TILE, AND VISUAL STIMULATION OF THE PATIENT IS 
MINIMIZED DURING THE RECOVERY PERIOD. THIS 
DOES NOT PRECLUDE THE MONITORING OF VITAL 
SIGNS. IN ADDITION, THE USE OF A SMALL HYP- 
NOTIC-DOSE OF A SHORT-ACTING OR ULTRASHORT- 
ACTING BARBITURATE OR OTHER AGENT SUCH AS 
DIAZEPAM MAY BE REQUIRED TO TERMINATE A 
SEVERE EMERGENCE REACTION. CERTAIN DRUGS 
SUCH AS DROPERIDOL OR DIAZEPAM INTRAMUS- 
CULARLY HAVE ALSO BEEN USED IN AN ATTEMPT 
TO REDUCE THE INCIDENCE OF EMERGENCE REAC- 
TIONS: SUFFICIENT DATA HAVE NOT YET BEEN 
ACCUMULATED TO CONSTITUTE THOROUGH DOC- 
UMENTATION. THE INCIDENCE OF EMERGENCE RE- 
ACTIONS IS REDUCED AS EXPERIENCE WITH THE 
DRUG IS GAINED. 

WHEN KETALAR IS USED ON AN OUTPATIENT BASIS, 
THE PATIENT SHOULD NOT BE RELEASED UNTIL RE- 
COVERY FROM ANESTHESIA IS COMPLETE AND THEN 
SHOULD BE ACCOMPANIED BY A RESPONSIBLE 
ADULT. 


INDICATIONS: Ketalar is recommended: 1. as the sole 
anesthetic agent for diagnostic and surgical procedures 
that do not require skeletal muscle relaxation. Ketalar 
is best suited for short procedures but it can be used, 
with additional doses, for longer procedures. 2. for the 
induction of anesthesia prior to the administration of 
other general anesthetic agents. 3. to supplement low- 
potency agents, such as nitrous oxide. 


See package insert for full prescribing information. 


CONTRAINDICATIONS: Ketalar is contraindicated in 
persons in whom a significant elevation of blood pres- 
sure would constitute a serious hazard and those who 
have shown hypersensitivity to the drug. 


WARNINGS: Ketalar should be used by or under the 
direction of physicians experienced in administering 
general anesthetics and in maintenance of an airway 
and in the control of respiration. Cardiac function 
should be continually monitored during the procedure 
in patients found to have hypertension or cardiac de- 
compensation. Barbiturates and Ketalar should not be 
injected from the same syringe. Prolonged recovery 
time may occur if barbiturates and/or narcotics are 
used concurrently with Ketalar. Postoperative confu- 






Ketalar 
(Ketamine HC!) 
Parke-Davis 


sional states may occur during the recovery period. 
Respiratory depression may occur with over-dosage or 
too rapid a rate of administration of Ketalar in which 
case supportive ventilation should be employed. Me- 
chanical support of respiration is preferred to adminis- 
tration of analeptics. 


USAGE IN PREGNANCY: Since the safe use in preg- 
nancy, including obstetrics, has not been established, 
such use is not recommended. 


PRECAUTIONS: Because pharyngeal and laryngeal re- 
flexes are usually active, Ketalar should not be used 
alone in surgery or diagnostic procedures of the 
pharynx, larynx, or bronchial tree. Mechanical stimula- 
tion of the pharynx should be avoided, whenever pos- 
sible, if Ketalar is used alone. Muscle relaxants, with 
proper attention to respiration, may be required in both 
of these instances. Resuscitative equipment should be 
ready for use. The incidence of emergence reactions 
may be reduced if verbal and tactile stimulation of the 
patient is minimized during the recovery period. This 
does not preclude the monitoring of vital signs (see 
Special Note). The intravenous dose should be admin- 
istered over a period of 60 seconds. More rapid admin- 
istration may result in respiratory depression or apnea 
and enhanced pressor response. In surgical procedures 
involving visceral pain pathways, Ketalar should be sup- 
plemented with an agent which obtunds visceral pain. 
Use with caution in the chronic alcoholic and the 
acutely alcohol-intoxicated patient. An increase in cere- 
brospinal fluid pressure has been reported following 
administration of ketamine hydrochloride. Use with ex- 
treme caution in patients with preanesthetic elevated 
cerebrospina! fluid pressure. 


ADVERSE REACTIONS: Cardiovascular: Blood pressure 
and pulse rate are frequently elevated following admin- 
istration of Ketalar. However, hypotension and brady- 
cardia have been observed. Arrhythmia has also 
occurred. 


Respiration: Although respiration is frequently stimu- 
lated, severe depression of respiration or apnea may 
occur following rapid intravenous administration of 
high doses of Ketalar. Laryngospasms and other forms 
of airway obstruction have occurred during Ketalar an- 
esthesia. 


Eye: Diplopia and nystagmus have been noted follow- 
ing Ketalar administration. It also may cause a slight 
elevation in intraocular pressure measurement. 
Psychologica!: (See Special Note). 

Neurological: In some patients, enhanced skeletal mus- 
cle tone may be manifested by tonic and clonic move- 
ments sometimes resembling seizures. 


Gastrointestinal: Anorexia, nausea or vomiting have 
been observed; however this is not usually severe and 
allows the great majority of patients to take liquids by 
mouth shortly after regaining consciousness. 


General: Local pain and exanthema at the injection site 
have infrequently been reported. Transient erythema 
and/or morbilliform rash have also been reported. 


HOW SUPPLIED: Ketalar solutions containing the hy- 
drochloride in concentrations equivalent to ketamine 
base are available in 5, 10, 20, and 50 ml. vials. These 
vials contain 100, 50, 10, and 10 mg./ml., respectively. 
Each vial is supplied individually and in cartons of 10. 

ue 
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Instantly -= 

at a touch- 

every electrosurgical 
property you need! 


Full-range “mixing” of true cutting 
and coagulating currents 


Burdick introduces the new SU/8 Electro- 
surgical unit that provides the right 
combination of cutting and coagulating 
properties for any surgical procedure — 
instantly, at the touch of a switch. The SU/8 
combines the superior cutting power of 
the vacuum-tube current with the better 
coagulating properties of the spark-gap 
current to give the exact "mix" of cutting 
and coagulating desired — or the two may 
be used separately. 


* 5-year warranty on spark-gap assembly 


* explosionproof foot switch for clear, 
positive control 


* simplified flush-top panel with minimum 
of operating controls 


Ask your Burdick dealer for the full story, or 
write The Burdick Corporation, 
Milton, Wisconsin 53563. 





BURDICK 
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SIMPLICITY, EFFICACY, VERSATILITY ON THE SURGICAL SERVICE... 


he Kantrex experience 
KANAMYCIN SULFATE 


take advantage of t 


Experience on the surgical 
servicein postoperative sepsis and 
Gram-negative pneumonias has led 
many clinicians to consider Kantrex 
(kanamycin sulfate) a drug of 
choice in susceptible Gram-nega- 
tive infections with or without 
shock or septicemia ! 3(Pseudo- 
monas are resistant). In the pres- 
ence of endotoxic shock?? and to 
prevent progression of sepsis to 
shock, prompt use of Kantrex is 
recommended —often before ob- 


ata cata " — 


Eleven years of efficacy in 
susceptible infections at many 
sites, in almost any type of patient, 
comprise the Kantrex experience. 
Kantrex coverage includes most 
Gram-negative bacilli and most 
staphylococci (Pseudomonas are 
resistant). Rapid absorption and dif- 
fusion of Kantrex to sites through- 
out the body should provide prompt 
therapeutic response in 24-48 
hours. If no response occurs within 
3-5 days, stop therapy and recheck 


Oe et a a ee as 





One simple standardized 
dose for any patient is another facet 
of the Kantrex experience. It means 
you can prescribe Kantrex at 7.5 
mg./Kg., I.M., q. 12 h., in patients 
with normal renal function. And to 
reduce the risk of oto- and nephro- 
toxicity in patients with impaired 
renal function, the same dose ap- 
plies while the time interval be- 
tween doses increases. Simply fol- 
low the “creatinine x 9” formula.* 


"For example. If routine serum creatinine measure- 


ment is 6 mg /100 mi multiply by 9; the interval 





Kantrex experience in postsurgical 
infections. However, because the 
- risk of ototoxicity does exist, daily 
Kantrex dose should not exceed 
1.5 Gm., and total therapy should 
not surpass 15 Gm. or 15 days. 


BRIEF SUMMARY OF PRESCRIBING INFORMATION 
(9) 7/27/71 

For complete information, consult Official Package 
Circular. 





Warning: The major toxic effect of parenterally 
administered kanamycin sulfate is its action on 
the auditory portion of the eighth nerve. High 
frequency deafness usually occurs first and can 
be detected by audiometric testing. Tinnitus or 
vertigo may occur and are evidence of vestibular 
injury and impending bilateral, irreversible deaf- 
ness. In such cases, decrease size and frequency 
of doses. Discontinue kanamycin and check hear- 
ing if azotemia increases. Watch carefully for oto- 
toxicity in older patients and patients receiving 
more than 15 Gm. of kanamycin. To avoid neuro- 
muscular paralysis with respiratory depression, 
postpone intraperitoneal instillation in postoper- 
ative patients until recovery from anesthesia and 
muscle relaxants is complete. Avoid concurrent 
use of other ototoxic drugs including ethacrynic 
acid and furosemide. Safety in pregnancy is not 
established. 











Indications: Serious infections due to susceptible strains 
of E. coli, Proteus sp., Enterobacter aerogenes, K. pneu- 
moniae, Serratia marcescens and Mima-Herellea. Cul- 
ture and sensitivity studies should be performed. 
Contraindications: A history of hypersensitivity to the 
drug. Prior auditory damage by kanamycin or other 
agents may be a contraindication if effective, alterna- 
tive therapy is available. 

Precautions: Obtain audiograms before and during 
therapy in patients with renal dysfunction when treat- 
ment lasts more than 5 days. Stop Kantrex if tinnitus 
or hearing loss occurs. Hydrate patients to prevent 
chemical irritation of the renal tubules. Assess renal 
function periodically, both before and during therapy. 
If signs of renal irritation occur (casts, cells, protein- 
uria) increase hydration and reduce the dosage or the 
frequency of dosage if necessary. In azotemic patients, 
the frequency (in hours) of doses may be obtained by 
multiplying the serum creatinine by 9. If azotemia or 
Oliguria occur, discontinue therapy. Mycotic or bacte- 
rial superinfection may occur. 

Adverse Reactions: Irritation or pain at the injection 
site, skin rash, drug fever, headache and paresthesias. 
Dosage and Administration: The usual dose is 7.5 mg./ 
Kg./12 hours I.M. The average dose is 1 Gm. daily for 
adults and children. The maximum total daily adult dose 
should not exceed 1.5 Gm. by all routes of administra- 
tion. Uncomplicated infections due to sensitive orga- 
nisms should respond in 24 to 48 hours. If no response 
occurs in 3 to 5 days, stop therapy and recheck the 
bacterial sensitivities. Hydrate patients well to mini- 
mize renal irritation. Inject deeply into the upper outer 
quadrant of the gluteal muscle. Discard partially used 
vials after 48 hours. The drug should not be physically 
mixed with other antimicrobials. 

Supplied: Rubber capped vials as a ready-to-use sterile 
aqueous solution in two concentrations; 0.5 Gm. in 
2 ml., 1.0 Gm. in 3 ml. Also available—Pediatric In- 
jection 75 mg. in 2 ml. A.H.F.S. Category 8:12.28 








References: 1. Murdoch, J. McC., etal.: Ann. New York 
Acad. Sc. 732:842 (June 14) 1966. 2. Rutenburg, 
A. M.: /bid., p. 824. 3. Foster, F. P.: M. Clin. North 
America 53:437 (March) 1969. 


Kantrex’ 
KANAMYCIN SULFATE 


Injection 
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Send her home with 
e 
an APC/narcotic that doesnt 
e e 
contain codeine 

Percodan does what you want an APC/narcotic to do. 
It effectively relieves moderate to moderately severe pain. 
But it’s different from all the other widely prescribed 
APC/narcotics because it doesn’t contain codeine. 

The chief analgesic agent in Percodan is oxycodone. 
A semisynthetic narcotic analgesic, oxycodone 
represents a therapeutic alternative to codeine. Percodan 
can produce drug dependence of the morphine type 
and has the potential of being abused. Percodan should 
be used with the same degree of caution appropriate 
to other oral narcotic-containing medications. 

One tablet of Percodan every six hours is usually 
sufficient for adults. However, it occasionally may be 
necessary to exceed the usual dosage in cases of severe pain 
or in those patients who have built up a tolerance to the 
analgesic effect of narcotics. Percodan. The APC/narcotic 
that doesn’t contain codeine. 


Percodan« 


Each yellow, scored tablet contains 4.50 mg. oxycodone HCl 
(Warning: May be habit-forming), 0.38 mg. oxycodone 
terephthalate (Warning: May be habit-forming), 224 mg. aspirin, 
: 160 mg. phenacetin, and 32 mg. caffeine. 





Please refer to brief summary on facing page. 


hed Fool ai 
Percodan « 


Each yellow, scored tablet contains 4.50 mg. oxycodone HCl 
(Warning: May be habit-forming), 0.38 mg. oxycodone terephthalate 
(Warning: May be habit-forming), 224 mg. aspirin, 160 mg. phen- 
acetin, and 32 mg. caffeine. 


INDICATIONS: For the relief of moderate to moderately severe pain. 
CONTRAINDICATIONS: Hypersensitivity to oxycodone, aspirin, 
phenacetin or caffeine. 
WARNINGS: Drug Dependence: Oxycodone can produce drug depend- 
ence of the morphine type and, therefore, has the potential for being 
abused. Psychic dependence, physical dependence and tolerance 
may develop upon repeated administration of Percodan, and it should 
be prescribed and administered with the same degree of caution 
appropriate to the use of other oral narcotic-containing medications. 
Like other narcotic-containing medications, Percodan is subject to 
the Federal Controlled Substances Act. 
Usage in ambulatory patients: Oxycodone may impair the mental 
and/or physical abilities required for the performance of potentially 
hazardous tasks such as driving a car or operating machinery. The 
patient using Percodan should be cautioned accordingly. 
Interaction with other central nervous system depressants: Patients 
receiving other narcotic analgesics, general anesthetics, phenothia- 
zines, other tranquilizers, sedative-hypnotics or other CNS depres- 
sants (including alcohol) concomitantly with Percodan may exhibit 
an additive CNS depression. When such combined therapy is con- 
templated, the dose of one or both agents should be reduced 
Usage in pregnancy: Safe use in pregnancy has not been established 
relative to possible adverse effects on fetal development. Therefore, 
Percodan should not be used in pregnant women unless, in the judg- 
ment of the physician, the potential benefits outweigh the possible 
hazards 
Usage in children: Percodan should not be administered to children. 

Salicylates should be used with caution in the presence of peptic 
ulcer or coagulation abnormalities. 
PRECAUTIONS: Head injury and increased intracranial pressure: 
The respiratory depressant effects of narcotics and their capacity to 
elevate cerebrospinal fluid pressure may be markedly exaggerated in 
the presence of head injury, other intracranial lesions or a pre-existing 
increase in intracranial pressure. Furthermore, narcotics produce 
adverse reactions which may obscure the clinical course of patients 
with head injuries. 
Acute abdominal conditions: The administration of Percodan or other 
narcotics may obscure the diagnosis or clinical course in patients with 
acute abdominal conditions. 
Special risk patients: Percodan should be given with caution to cer- 
tain patients such as the elderly or debilitated, and those with severe 
impairment of hepatic or renal function, hypothyroidism, Addison's 
disease, and prostatic hypertrophy or urethral stricture. 

Phenacetin has been reported to damage the kidneys when taken 
in excessive amounts for a long time. 
ADVERSE REACTIONS: The most frequently observed adverse 
reactions include light-headedness, dizziness, sedation, nausea and 
vomiting. Some of these adverse reactions may be alleviated if the 
patient lies down. 

Other adverse reactions include euphoria, dysphoria, constipation 
and pruritus. 
DOSAGE AND ADMINISTRATION: Dosage should be adjusted 
according to the severity of the pain and the response of the patient. 
It may occasionally be necessary to exceed the usual dosage recom- 
mended below in cases of more severe pain or in those patients who 
have become tolerant to the analgesic effect of narcotics, The usual 
adult dose is one tablet every six hours as needed for pain 
DRUG INTERACTIONS: The CNS depressant effects of Percodan 
may be additive with that of other CNS depressants. See WARNINGS. 

Aspirin may enhance the effect of anticoagulants and inhibit the 
effect of uricosuric agents. 
MANAGEMENT OF OVERDOSAGE: Signs and Symptoms: Serious 
overdose with Percodan is characterized by respiratory depression, 
extreme somnolence progressing to stupor or coma, skeletal muscle 
flaccidity, cold and clammy skin, and sometimes bradycardia and 
hypotension. In severe overdosage, apnea, circulatory collapse, car- 
diac arrest and death may occur The ingestion of very large amounts 
of Percodan may, in addition, result in acute salicylate intoxication 
Treatment: Primary attention should be given to the re-establishment 
of adequate respiratory exchange through provision of a patent air- 
way and the institution of assisted or controlled ventilation. The nar- 
cotic antagonists naloxone, nalorphine or levallorphan are specific 
antidotes against respiratory depression which may result from over- 
dosage or unusual sensitivity to narcotics, including oxycodone 
Therefore, an appropriate dose of one of these antagonists should 
be administered, preferably by the intravenous route, simultaneously 
with efforts at respiratory resuscitation. Since the duration of action 
of oxycodone may exceed that of the antagonist, the patient should 
be kept under continued surveillance and repeated doses of the 
antagonist should be administered as needed to maintain adequate 
respiration 

An antagonist should not be administered in the absence of clin- 
ically significant respiratory or cardiovascular depression. 

Oxygen, intravenous fluids, vasopressors and other supportive 
measures should be employed as indicated. 

Gastric emptying may be useful in removing unabsorbed drug 


Endo Laboratories, Inc. 


Subsidiary of E.l. du Pont de Nemours & Co. (Inc.) 
Garden City, N.Y. 11530 
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Color Atlas & Textbook 
of Hematology 


By WILLIAM R. PLATT, M.D. 


The worthy successor to Kracke's 
Color Atlas of Hematology, Dr. 
Platt's text and atlas offers current 
information on morphological, 
biochemical, physiological, clini- 
cal, therapeutic, and procedural 
aspects of hematology. 


Unique composite illustrations 
show different characteristics of 
the same hematologic entity—a 
realistic version of the true situa- 
tion that occurs in practice. Over 
400 diagnostic color illustrations 
show essential peripheral blood 
and bone marrow components. 
Correlative laboratory procedures 
are described and illustrated. 


The modern concepts and tech- 
nics range from newer technics 
for detecting enzyme alterations 
and deficiencies in erythrocytes 
to newer therapeutic agents in 
treatment of multiple myeloma. 


445 Pages * 535 Color and Black 
& White Illustrations * 1969 


$29.50 


J. B. LIPPINCOTT COMPANY 


East Washington Square, 
Philadelphia, Pa. 19105 


Please send me: 


O COLOR ATLAS & TEXTBOOK OF 
HEMATOLOGY ............... $29.50 


[] Payment Enclosed 
O Charge My Account AS 11/72 


Our commitment to quality —and 
to you—is one of the reasons you can 
have confidence that the Kodak x-ray 
film you use will do the job you want 
it to do. And do it well. 

And you can have equal confi- 
dence that the x-ray film you need 
for your diagnostic program is avail- 
able from Kodak, because we give 
you a broad range to choose from— 
each film designed for a specific 
medical radiographic requirement. 

In cases where reduced exposure 
is essential, your best choice is 
KODAK RP ROYAL X-OMaAT Medical 
X-ray Film—the fastest RP X-OMAT 
Film we make. It combines speed 
with high contrast to give you the 
detailed diagnostic information you 
want. 

And in cases where the subject 
contrast imparted by bone, air, or 
contrast media needs enhancement 
to provide maximum diagnostic 
detail, we recommend KODAK RP 
X-Omat Medical X-ray Film. 

We also give you a choice of 
special-application films—for mam- 
mography, subtraction, duplicating, 
photofluorography, and therapy 
localization procedures. 

And now, we are extending your 
choice with the new KODAK X-OMATIC 
Films—a totally new approach to 
improved image quality. 

All of these films give you the 
timesaving advantages of automatic 
90-second processing. 

Contact your Kodak Technical 
Sales Representative for a demon- 
stration or consult your medical x-ray 
products dealer. 


EASTMAN KODAK COMPANY 
Radiography Markets Division 
Rochester, New York 





Quality 


commitment. 


Just as you have a commitment to provide a quality diagnosis 
for your patients, Kodak has a commitment to provide 
quality x-ray products for all of your diagnostic needs. 





Kopak RP X-Omat Medical X-ray Film offers maximum 
diagnostic detail as seen in the above left. Note the 
foreshortened colon secondary to previous surgery. 

In this exam, pathological changes involving the pri- 
mary descending colon below the splenic flexure most 
likely represent a recurring tumor. 


Kopak RP/L X-Omar Medical X-ray Film visualizes a 
wide range of tissue differences. In the above, osteo- 
blastic metastases from the prostate are easily dis- 
tinguished. Normal cancellous bone, changes in the 
sacrum, erosion of the inferior pubic surfaces, and the 
surrounding soft tissues are all shown. 


KODAK RP Royat X-Omar Medical X-ray Film is for exams 
requiring high speed combined with sharp detail as 
viewed at left. The right kidney shows a bifid renal pel- 
vis and calyces; no masses are present in the upper pole. 
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There can be no question that phytonadione 
[vitamin Kı] is the drug of choice and 

the only drug recommended to reverse an 
excessive degree of [oral anticoagulant- 
induced] hypoprothrombinemia. 95 


Udall, J.A.: Don't use the wrong vitamin K, 
Calif. Med. 112:65-67, April, 1970 


INJECTION, 2 mg or 10 mg per cc 








quaMEPHY TON 


TON IMSD) 


(PHY Colloidal Solution of Vitamin K, 


offers more prompt and 
predictable correction of 

= excessive hypoprothrombinemia 
. induced by oral anticoagulants 







For a brief summary of prescribing information, please see facing page. 


The logic of specifying vitamin K, 
(phytonadione) instead of “vitamin K” 


1. Although they are loosely referred to as 
"vitamin K," actually menadione, menadiol, and 
their water-soluble salts are analogs with 
vitamin K-like activity. Since they lack the phytyl 
side chain, they are less effective as a corrective 
of the hypoprothrombinemic bleeding induced 
by oral anticoagulants. 


2. Only vitamin K; (phytonadione) has this 

phytyl side chain. Therefore, vitamin K; 
(phytonadione) is the preferred agent as a specific 
antidote to the oral anticoagulants. 


r 


Warnings: In anticoagulant-induced hypoprothrombinemia, overzeal- 
ous therapy may restore conditions which originally permitted throm- 
boembolic phenomena; keep dosage as low as possible and check 
prothrombin time regularly. Phytonadione will not counteract the 
anticoagulant action of heparin. 

Precautions: Avoid rapid intravenous injection; intravenous adminis- 
tration, when warranted, must not exceed a rate of 5 mg per minute. 
Temporary resistance to prothrombin-depressing anticoagulants may 
result, especially when larger doses of phytonadione are used; when 
reinstituting anticoagulant therapy after relatively large doses of 
phytonadione, it may be necessary to use somewhat larger doses of 
the prothrombin-depressing anticoagulant, or to use one which acts 
on a different principle, such as heparin sodium. 

The aqueous colloidal solution for injection should not be diluted with 
other than the recommended diluents. When dilutions are indicated, 
administer immediately after mixture with diluent, and discard un- 
used portions of the dilution as well as unused contents of the ampul. 
Store in a dark place and protect from light at all times, even after 
dilution. 

Adverse Reactions: Rarely, severe reactions, including shock, have 
occurred with rapid intravenous administration. Transient "flushing 
sensations" and "peculiar" sensations of taste have been observed, 
as well as rare instances of dizziness, rapid and weak pulse, profuse 
sweating, brief hypotension, dyspnea, and cyanosis. Occasionally, 
pain, swelling, and tenderness at the injection site may occur. The 
possibility of allergic sensitivity, including an anaphylactoid reaction, 
should be kept in mind. 

Hyperbilirubinemia has been observed rarely in the newborn following 
administration of phytonadione in a dose of 25 mg. However, at the 
usual prophylactic dose of 1 mg, this has not occurred. Kernicterus 
has not been reported following administration of the aqueous col- 
loidal solution at any therapeutic dose level. 

How Supplied: Injection AquaMEPHYTON (Phytonadione, MSD)— 
yellow, sterile, aqueous, colloidal solution containing in each cc: 
phytonadione (vitamin K;), 2 mg or 10 mg; 70 mg polyoxyethylated 
fatty acid derivative, 37.5 mg dextrose, and 0.9% benzyl alcohol. In 
0.5-cc ampuls containing 1 mg vitamin K,, and in 1.0-cc ampuls and 
2.5- and 5.0-cc multiple-dose vials containing 10 mg vitamin K, per 
cc. Also Supplied: Tablets MEPHYTON (Phytonadione, MSD)—5 mg, 
yellow, scored tablets in bottles of 100. MSD 


For more detailed information, consult your MSD rep- 


resentative or see full prescribing information. Merck MERCK 
Sharp & Dohme. Divisian nf Merck & ^a In^ Mfact HADD. 








Illustrated below are several 
factors which can also 
induce or intensify 
hypoprothrombinemia. 


While they by no means make 
hypoprothrombinemia 
inevitable, the presence of 

any one of these may warrant 
evaluation of prothrombin time. 











obstructive jaundice 





steatorrhea 







‘ulcerative colitis 
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..and want to do 1t as seldom 


as possible 
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With ARISTOSPAN, you minimize trauma to the joint because unnecessary 
intra-articular injections can be avoided. Since ARISTOSPAN is the least 
soluble of all injectable corticosteroids, it can be expected to be absorbed 
slowly from the injection site in intra-articular therapy of rheumatoid arthritis 


and osteoarthritis. 


„and want to do it appropriately 


equipped 


With the new LEDERJECT® syringe, you reduce the risk of contamination 
to a minimum—at a time when strict aseptic technique is essential. 

What’s more, the disposable syringe makes intra-articular injection 

more convenient than ever before (supplied without needle so that 

you can make your own selection—convenient syringe guard is provided 


to facilitate injections). 


ARISTOSPAN 


TRIAMCINOLONE HEXACETONIDE (20mg./cc.]. 


The corticosteroid 


specifically designed for 


intra-articular use 


ARISTOSPAN Triamcinolone Hexacetonide 


Contraindications: Do not give intravenously. (Absolute) Active, la- 
tent or questionably healed tuberculosis; ocular herpes simplex; acute 
psychosis. Hypersensitivity to any component. (Relative) Active pep- 
tic ulcer; acute glomerulonephritis; myasthenia gravis; osteoporosis; 
fresh intestinal anastomoses; diverticulitis; thrombophlebitis; psychic 
disturbances; diabetes mellitus; hyperthyroidism; acute coronary ar- 
tery disease; hypertension; limited cardiac reserve; local or systemic 
(including fungal and exanthematous ) infections; pregnancy, particu- 
larly during the first trimester; when previous injections have pro- 
duced local atrophy; in the presence of infection in or near the der- 
matologic lesions to be injected. In above, consider the risks against 
anticipated gains. 
Warning: Unilateral blindness has been reported following steroid 
, injection in the scalp (extremely rare). Weigh possible benefits against 
possible risks when injecting into facial or scalp region. 
Precautions: Upon anaphylactoid or other severe reactions or idiosyn- 
crasy, discontinue therapy; take proper measures, Withdraw gradually 
after prolonged treatment. When patients on ARISTOSPAN or up to 
two years after discontinuance, are subjected to unusual stress 
(trauma, surgery), consider use of a soluble corticosteroid. Cortico- 
steroid therapy may obscure symptoms of developing infection; if it 
occurs, treat appropriately. Growth suppression of children is possible 
during prolonged use. Corticosteroid therapy provides symptomatic 
treatment and does not obviate the need for conventional measures. 
Intralesional, Sublesional Use: Overdosage (single, or repeated injec- 
tions into the same intralesional site) may produce local subeutaneous 








LEDERJECT 


Disposable Syringe 


Triamcinolone Hexacetonide 
1l cc. in 2cc. syringe to allow 
room for diluents 

(also available 

in 1 and 5 cc. vials) 


atrophy, delaying recovery for several months. Avoid entering a blood 
vessel. 

Adverse Reactions: /ntralesional, Sublesional: (Most troublesome) 
Subcutaneous atrophy at injection site (usually due to frequency of 
injection, overdosage, inadequate dilution, too great a volume). Local 
effects: abscess, erythema, pain, swelling, necrosis, intradermal calcifi- 
cation at injection site, hypopigmentation, hyperpigmentation. Systemic 
effects: infrequent, but possible: depression of appetite (in contrast to 
voracious appetite ordinarily encountered with other glucocorticoids; 
mood depression (most common corticosteroids may cause euphoria) ; 
mild early diuresis making edema uncommon (common glucocorticoids 
cause sodium retention and edema); myopathy with muscle weakness 
involving thighs, pelvis and lower back (may occur more frequently 
than with other corticosteroids). General glucocorticoid effects: Cush- 
ingoid changes such as: acne, flushing, moon face, hirsutism, etc.; endo- 
crinologic effects such as amenorrhea, menstrual irregularity, aggrava- 
tion of pre-existing and/or precipitation of latent diabetes mellitus; 
skeletal changes such as osteoporosis, spontaneous fractures, aseptic 
necrosis of hip, humerus, and metacarpals; psychic disturbances, in- 
somnia, headache, increased intracranial pressure with papilledema 
(pseudotumor cerebri), convulsions; exophthalmos, increased intraocu- 
lar tension, subcapsular cataracts; peptic ulcer with possible perfora- 
tion and hemorrhage; ulcerative esophagitis; thromboembolic disease, 
ecchymoses, purpura, leukopenia; negative nitrogen balance; hyper- 
tension; and rarely, necrotizing angiitis and acute pancreatitis, These 
systemic effects are unlikely to occur when drug is used as recommended. 
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NEW PERSPECTIVES ON GASTROENTEROLOGY (a 








Early in this century Edkins 
showed that the intravenous in- 
jection of an extract of antral 
mucosa would stimulate gastric 
acid secretion. He gave the name 
gastrin to this proposed hormone. 
After Komarov substantiated the 
presence of such a hormone, 
Gregory and fellow workers iso- 
lated, characterized, and synthe- 
sized the polypeptide. Gastrin not 
only has an important influence 
on acid secretion, but also plays 
a major role in other gastrointes- 
tinal functions. 

Structure 
Antral gastrin contains 17 amino 
acids. It is remarkable that a 4 
amino acid segment, the carboxyl 
terminal portion, can reproduce 
all the activities of which the 
whole molecule is capable. 
Gastrin and feedback 
mechanism of acid secretion 

Gastrin is produced primarily by 
the mucosal cells in the gastric 
antrum, the distal non-acid se- 
creting portion of the stomach. 
The hormone stimulates the pari- 
etal cells in the fundus and body 
of the stomach to produce acid, 
and a negative feedback mecha- 
nism is initiated. Acid bathing 
the antrum acts directly on the 
gastrin-producing cell to inhibit 
release of the hormone. 

Gastrin and the 
l lower esophageal sphin 
-- Contraction of the gastrgesopha- 
geal sphincter is stim 
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Gastrin: an updated look at an important hormone 
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gastrin. The sphincter muscle is 
more sensitive to the effects of 
gastrin than adjacent esophageal 
muscle. The efficacy of antacid 
therapy in reflux esophagitis may 
be due, in part, to the release of 
antral gastrin. Antacids neutral- 
ize gastric acid and raise the pH 
in the antrum. The gastrin which 
is then released increases the 
strength of the sphincter, which 
acts as a barrier against reflux. 


Some other actions of gastrin 


Beyond gastrin’s prime role as a 
stimulator of gastric acid produc- 
tion, gastrin also acts on other 
parts of the G.I. tract. On the 
stomach, to stimulate (albeit 
weakly) pepsin production and in- 
crease gastric antral motility. On 
the pancreas, by stimulating en- 
zyme secretion. On the liver, by 
increasing the flow of bile. On the 
intestine, by inhibiting absorp- 
tion of water and electrolytes, and 
—possibly—increasing motility. 
And, on the ileocecal sphincter, 
by relaxing it (contrary to its ac- 
tion on the gastroesophageal 
sphincter), and perhaps contrib- 
uting to the gastro-colic reflex. 


Excessive gastrin production 


It would be expected that if the 
stomach could not produce acid, 
gastrin release would continue 
unabated. Indeed such is the case 
in pernicious anemia, where there 
is achlorhydria, and circulating 
gastrin levels are very high. Alka- 


lation of the receptor, and thus 
occlude the site. 
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linization of the antrum, vagal 
stimulation, and mechanical dis- 
tension of the antrum all provoke 
gastrin release. 

In the Zollinger-Ellison syn- 
drome the radioimmunoassay of 
gastrin may be the best diagnos- 
tic technique. The islet-cell tumor 
produces large amounts of gas- 
trin, leading to gastric hyperse- 
cretion and often intractable ulcer 
disease. Another situation in 
which gastrin levels may be high, 
is when the antrum is retained 
after gastric resection. Here the 
antrum is removed from the in- 
hibitory effects of acid, and hy- 
persecretion of gastrin occurs. 


Some therapeutic implications 


Obviously surgical removal of the 
antrum. will lower gastric secre- 
tion as therapy for peptic ulcer 
disease. But other ways of antag- — 3 
onizing gastrin are being inves- 
tigated. Some substances have a 
close structural similarity to the 
gastrin molecule. For example, © 
cholecystokinin, the intestinal 
hormone, and caerulein, a mate-$ 
rial extracted from the skin off 
amphibians, contain in theing 
structure a sequence of aming™ 
acids identical to the active 
minal portion of gastrin. Th 
substances are competitive dli 
hibitors of gastric secretion. They 
combine with the receptor site for 
acid secretion, cause little stimu- 
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Keys 

. Gastrin-producing cells in antrum begin 
secreting in response to elevated pH of stomach. 

. Gastrin stimulates parietal cells in body 
and fundus to secrete gastric acid. 

. Contraction of gastroesophageal sphincter 
facilitated by gastrin. 

. Resulting HCl, produced by parietal cells, 
inhibits further release of gastrin. 


Camalox: 


The pleasant 


answer to 
unpleasant 
problems of 
hyperacidity 


Ever since Camalox was introduced, 
physicians have been making the dis- 
covery that here, indeed, is an ant- 
acid that does what an antacid is 
designed to do. 

And does it most agreeably. 

It neutralizes excess acid—associ- 
ated with peptic ulcer, gastritis, 
esophagitis, hiatal hernia and heart- 
burn. 

Fast. And thoroughly. 

Consider the patient suffering from 
hiatal hernia, with accompanying 
esophageal reflux—it is postulated 
that the release of gastrin during ant- 
acid alkalinization of gastric contents 
may help the gastroesophageal 
sphincter constrict, thereby helping to 
stop reflux and subsequent heartburn. 


There’s something else: Non-con 
stipating Camalox, with its balanced 
formulation made by a special proc 
ess*, is smooth, non-gritty. These 
qualities, together with its refreshing 
vanilla-mint flavor, make it easy to 
take. The first time. Or the hundredth 

And considering that many patients 
have to spend weeks, months—even 
years—on antacid therapy, this is no 
small consideration. 

Next time you've got a patient with 
hyperacidity, prescribe Camalox. 

It's the pleasant answer...to an un 
pleasant condition. 


Composition: Balanced formulation of magne 
sium and aluminum hydroxides with calcium| 
carbonate. 

Indications: As an antacid in the treatment and 
management of peptic ulcer, gastritis, gastri 
hyperacidity, hiatal hernia, peptic esophagitis, 
heartburn, indigestion, and upset stomach. 
Warning: Camalox should not be used in pa- 
tients who are severely debilitated or suffer- 
ing from kidney failure. 

Supplied: Camalox Tablets—bottles of 59 tab- 
lets and boxes of 100 tablets (in foil strips). 
Camalox Suspension—white liquid in conven- 
ient 12 fluid ounce plastic bottles anc eco- 


nomical 16 ounce (pint) bottles. 
*Patent pending 


Camalox 


magnesium and aluminum hydroxides 
with calcium carbonate 


R 
WILLIAM H. RORER, INC. m 
Fort Washington, Pa. 19034 





onevialof ELASE 
vder with 50 to 
ml. of sodium chlo- 
? solution and satu- 
2 strips of fine-mesh gauze 

h the ELASE/saline solution. 


»w gauze to dry in contact 
1 the lesion (approximately six 
sight hours). As the gauze dries, 
necrotic tissues slough and 
















Pack the ulcerated area with 
the ELASE-saturated gauze 
strips...making sure the satu- 
rated gauze remains in contact 
with the necrotic substrate. (If the 
lesion is covered with a heavy eschar, 
it must be removed surgically before 
wet-to-dry debridement is begun.) 






Remove dried gauze. This 
mechanically debrides the 
area. Repeat wet-to-dry 
procedure three to four 
times daily since frequent 
dressing changes greatly 
enhance results. 

Note: After two, three, or four 
days of ELASE wet-to-dry 
dressings (dependingonseverity 
of lesion), the area becomes free 
of necrotic material and starts to 


the new way is 
wet-to-dry 
..debridement with 





combined [ bovine] ) 


INDICATIONS: Elase is indicated 
for topical debridement in general 
surgical wounds, ulcerative 
lesions, burns, circumcision and 
episiotomy, and in cervicitis and 
vaginitis. Elase is used as an irri- 
gating agent in infected wounds, 
otorhinolaryngologic wounds, and 
superficial hematomas (except 
when the hematoma is adjacent to 
or within adipose tissue). 


CONTRAINDICATIONS: Elase is 
contraindicated in individuals 
with a history of hypersensitivity 
reactions to any of the compo- 
nents. Elase is not recommended 
for parenteral use since the bovine 
fibrinolysin may be antigenic. 


PRECAUTIONS: The usual precau- 
tions against allergic reactions 
should be observed, particularly 
in persons with a history of sensi- 
tivity to materials of bovine origin 
or to mercury compounds. 

To be maximally effective, Elase 
solutions must be freshly pre- 
pared before use. The loss in 
activity is reduced by refrigera- 


PARKE-DAVIS 


tion; however, even when stored 
in a refrigerator, the solution 
should not be used 24 hours or 
more after reconstitution. 


ADVERSE REACTIONS: Side 
effects attributable to the enzymes 
have not been a problem at the 
dose and for the indications 
recommended. With higher con- 
centrations, local hyperemia may 
be a side effect. 


HOW SUPPLIED: Elase (powder) 
is supplied dried in 30-cc. rubber- 
diaphragm-capped vials contain- 
ing 25 units (Loomis) of fibrinolysin 
and 15,000 units (modified 
Christensen method) of desoxyri- 
bonuclease with 0.1 mg. thimerosal 
(mercury derivative). 

Elase Ointment is supplied in 
30-Gm. tubes containing 30 units 
(Loomis) of fibrinolysin and 
20,000 units of desoxyribonu- 
clease with 0.12 mg. thimerosal 
and in 10-Gm. tubes containing 
10 units of fibrinolysin and 6,666 
units of desoxyribonuclease with 
0.04 mg. thimerosal. 
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Elase solutic n 


(fibrinolysin and desoxyribonuclease, 





ONE VIAL 





> PWRINOLYSIN AND DESOx 
RIBONUCLEASE, COMBED 
(BOVINE) 
CAUTION —Federal law paña 
dispensing without presente 
Store st no warmer tm 
30*c. (86*PF.). 


Stock 21-254! 
Imm 
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memory of 
yesterday's 
pain... 


apprehension over 
tomorrow's 
pain- 


> analgesic formula that calms instead of caffeinates 


the patient with a terminal illness, PAIN past, present, and future can dominate 
thoughts until it becomes almost an obsession. The more he is aware of the pain 


s now experiencing, the more difficult it is to erase his memory of yesterday's 
1, and to allay his fearful anticipation of tomorrow's pain. 


ely the last thing this patient needs is an analgesic containing caffeine to stimulate 
senses and heighten pain awareness. A far more logical choice is Phenaphen 

1 Codeine. The sensible formula provides 1⁄4 grain of phenobarbital to take 

nervous “edge” off, so the rest of the formula can help control the pain more 


ctively. Don't you agree, Doctor, that psychic distress is an important factor 
nost of your terminal and long-term convalescent patients? 








Phenaphen with Codeine No. 2, 3, or 4 contains: Phenobarbital 
("4 gr.), 16.2 mg. (warning: may be habit forming); Aspirin 

(2% gr.), 162.0 mg.; Phenacetin (3 gr.), 194.0 mg.; Codeine 
phosphate, % gr. (No. 2), % gr. (No. 3) or 1 gr. (No. 4) (warning: 
may be habit forming). 


Indications: Provides relief in severe grades of pain, on low 
codeine dosage, with minimal possibility of side effects. Its use 
frequently makes unnecessary the use of addicting narcotics. 
Contraindications: Hypersensitivity to any of the components. 
Precautions: As with all phenacetin-containing products, 
excessive or prolonged use should be avoided. Side effects: 
'Side effects are uncommon, although nausea, constipation and 
drowsiness may.occur. Dosage: Phenaphen No. 2 and No. 3— 
1or2 capsules every 3 to 4 hours as needed; Phenaphen No. 4 
-4 capsule every à to < 4 hours as needed. For further details see 


product litarature.. 


(i Phenaphen with: OW is now classified in Schedule III, 

Controlled. Ps den Act of 1970. Available on written 
or oral prescription and may be refilled 5 times within 6 
months, unless f'éstricted by state law. 
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STERILE 


It holds in place with buttock pressure 
alone. So the unique, anatomically-shaped 
A.R.D. dressing makes changing far 
easier, makes the patient more comfort- 
able. Soft and lint-free with a non-stick 
surface, yet highly absorbent to perspira- 
tion, wound exudates and watery fecal 
discharge. An excellent vehicle for topical 
medication. Supplied sterile in dispenser 
nest of 24 dressings. Write for a free clini- 
cal trial supply. Pat. No. 2,742,042 Re. 24,385 
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ARTERIAL 
SURGERY 


By H. H. G. Eastcott, M.D., F.R.C.S. 


This handsomely-illustrated work offers an ex- 
ceptionally complete clinical, pathological and 
therapeutic presentation of the entire range 
of arterial disorders. The causes of arterial 
diseases and injuries are fully described, to- 
gether with precise surgical procedures. The 
entire clinical picture for each disorder is dis- 
cussed, and an abundance of case reports is 


included. 


"Only a surgeon with a breadth and depth of 
experience could present the subject so 
thoroughly and authoritatively. . . . This is 
an outstanding volume which can be highly 
recommended and without reservation to medi- 
cal students, residents, general surgeons, and, 
in this reviewer's opinion, to experienced vas- 
cular surgeons."—Surgery, Gynecology and 
Obstetrics. 


412 Pages 652 Illustrations 1969 $22.00 


J. B. Lippincott Company 


East Washington Square 
Philadelphia, Pa. 19105 


Please send me: 


Arterial Surgery 


[] Payment Enclosed [I Bill me AS 11/72 





ATLAS of 
GASTROINTESTINAL 
SURGERY 


KOMEI NAKAYAMA, M.D., Pro- 
fessor of Surgery, and Director 
of Institute of Gastroenterology, 
Tokyo Women's Medical College 


Here is an atlas of exceptional surgical merit 
and surpassing beauty from a distinguished 
Japanese surgeon. Dr. Nakayama presents, in 
vivid, step-by-step fashion the surgical methods 
that have won him international acclaim. 


The author is a pioneer and a world leader in 
the field of esophageal surgery. One-third of 
his atlas is devoted to surgery of this type. It 
includes a description, in minute detail, of Dr. 
Nakayama's reconstruction of the cervical esoph- 
agus using a revascularized segment of the 
bowel. In the remaining two-thirds of the 
atlas you'll find operations on the rest of the 
gastrointestinal tract plus the gall bladder, bile 
duct, liver, pancreas, and spleen. 


Surgical indications, pre- and postoperative care, 
and complications are described along with the 
surgical techniques. A beautiful section of the 
atlas contains large photographs of, and in- 
structions for the use of, Dr. Nakayama's in- 
struments for small vessel anastomosis. 


649 Pages 1500 Illustrations 1969 $42.00 


J. B. Lippincott Company 
East Washington Square 
Philadelphia, Pa. 19105 


Please send me: 
Atlas of Gastrointestinal Surgery... .. 


AS 11/72 








FULLER SHIELD* 


STERILE 


Fuller Shields have a snap open 
front and an easily adjusted waist- 
band. Dressings can be changed 
without completely removing the 
Shield. Soft, moisture-proof lining 
keeps stains from bedlinen and 
clothing. Holds anal, perianal and 
sacral. dressings in place. Patients 
feel more secure, more comfort- 
able. Fat. No. 3,247,846 
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Traumatic wounds 
complicated by infectiori-an urgent concern 


*due to susceptible organisms 





ego o 'ephaloridi 
Loridine I. M. 5n; ampou 
therapy worthy of consideration 





Traumatic wound infections often require the 
rapid and effective action that Loridine I.M. can provide 
when they are due to susceptible organisms. 

Loridine is active in vitro against many pathogens that 
may cause skin and soft-tissue infections, including sus- 
ceptible strains of staphylococci, Escherichia coli, and 
streptococci, and is also effective in the presence of mixed 
infections. 

One dose of Loridine provides measurable serum levels 
of antibacterial activity up to twelve hours. 

These are a few of many reasons why Loridine provides 
therapy worthy of consideration. 


TMany strains of enterococci are relatively resistant. Some strains of staphy- 
lococci are resistant. Pseudomonas organisms are resistant, as are most indole- 


Before Administration of Loridine 


l. Determine renal status before 
initiating therapy. 

2. |n patients with renal impair- 
ment, reduced dosage should be em- 
ployed. Other antibiotic therapy 
should be considered if impairment is 
due to acute tubular necrosis. 


3. As with other antibiotics, appro- 
priate specimens for culture and sus- 
ceptibility testing should be obtained. 


4. Use cautiously with other poten- 
tially nephrotoxic antibiotics (e.g., 
gentamicin, kanamycin, colistin, and 
polymyxin B), in penicillin-allergic pa- 
tients, and in those receiving potent 








diuretics, such as furosemide or etha- 
crynic acid. 


During Administration of Loridine 


l. Because of potential nephrotox- 
icity, daily dosages above 4 Gm. are 
not recommended for patients with 
normal renal function. The usual 
range for adults is 1.5 to 3 Gm. daily. 
In patients with renal impairment, 
recommendations in the package lit- 
erature should be followed for main- 
tenance dosage after a loading dose 
of 0.5 to 1 Gm. If an endogenous 
creatinine clearance is considered 
more desirable than available BUN or 
serum creatinine concentrations for 
establishing the maintenance dosage, 


producing Proteus species and motile Enterobacter species. 


Lilly 
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the initial loading dose may be given 
and results of that test obtained dur- 
ing the ensuing six or eight hours. If 
renal function improves during ther- 
apy, readjustment of dosage may be 
desirable. 


2. Maintain proper hydration. 


3. Monitor renal status. Renal im- 
pairment may be indicated by the ap- 
pearance of urinary casts, proteinuria, 
oliguria, a rising BUN or serum creat- 
inine, or a decreasing creatinine 
clearance or urine/plasma creatinine 
ratio. 

4. If impaired renal function devel- 
ops or worsens during therapy, dis- 
continue use. 


Please turn page for prescribing information. 


Loridine I.M. (cephaloridine) 


Because of nephrotoxicity (e.g., tubular necrosis) of cephaloridine in 
dosages above 4 Gm. daily (see Warnings and Adverse Reactions), rec- 
emmended doses should not be exceeded. Renal status of the patient 
should be determined prior to initiation of therapy. Patients with known 
or suspected impairment of renal function should be under close clinical 
observation for changes in renal function or be hospitalized, and re- 
duced dosage should be employed. If impaired renal function develops 
during therapy, cephaloridine should be discontinued. 


Actions: Human Pharmacology—Peak blood levels of 7 and 14 mcg. 
per ml. respectively were obtained in one-half to one hour following 
intramuscular doses of 250 and 500 mg. in humans. Measurable 
levels of cephaloridine persisted for longer than twelve hours. 

Loridine is excreted unchanged largely by glomerular filtration. 
Doses of 250 and 500 mg. produced very high antibacterial concen- 
trations in the urine, in some instances approaching 1,000 mcg. 
per ml. 

Its nucleus and degradation products differ from those of peni- 
cillin. However, some patients who are allergic to penicillin or to 
other cephalosporins may also be allergic to Loridine. 

Microbiology—The in-vitro bactericidal action of Loridine results 
from inhibition of cell-wall synthesis. It is not bound significantly to 
plasma protein. 

Loridine is active against the following organisms in vitro: 

Beta-hemolytic and other streptococci (many strains of entero- 
cocci, e.g., Streptococcus faecalis, are relatively resistant) 

Staphylococci, both coagulase-positive and coagulase-negative 
(some strains of staphylococci are resistant to cephaloridine) 

Pneumococci 

Gonococci 

Hemophilus influenzae 

Escherichia coli and other coliform bacteria 

Klebsiella 

Proteus mirabilis 

Loridine is active against Treponema pallidum in animal studies. 

All tested strains of group A streptococci, pneumococci, and peni- 
cillin-G-susceptible staphylococci are susceptible to Loridine. However, 
some strains of penicillinase-producing staphylococci are resistant in 
vitro to concentrations of Loridine that can be achieved in the serum. 
The majority of strains of H. influenzae, Pr. mirabilis, Esch. coli, and 
Klebsiella are also susceptible in vitro. 

Pseudomonas organisms are resistant to Loridine, as are most 
indole-producing Proteus species and motile Enterobacter species. 


Indications: Loridine is indicated in the treatment of serious infec- 
tions of the respiratory tract, genito-urinary tract, bones and joints, 
bloodstream, soft tissue, and skin due to susceptible strains of the 
organisms listed above. It is also indicated for therapy of early 
syphilis when penicillin may be contraindicated. (See Warnings in 
regard to cross-sensitivity with penicillin.) It is indicated in the treat- 
ment of gonorrhea when penicillin is not considered the drug of choice. 
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The Dubious Case for Conservative Operation in Operable 


N OPERABLE CANCER OF THE BREAST, it is stated with 
I increasing frequency that radical mastectomy is no 
longer necessary since equally good or superior results 


may be obtained by lesser procedures. 


The various departures from radical mastectory con- 
sist mainly of local or wedge excision or simple mastec- 
tomy with or without adjunctive irradiation therapy. 

The questions raised by these diverse opinions have 
engendered, as phrased by Bruce? . . . “controversy, 
vituperation, contumely and even vilification." In support 
of some of the more ardent defenders of the old order, 
it may be pointed out as Robinson ?8 states, that “We are 
incredibly heedless of the formation of our beliefs and 
find ourselves filled with an illicit passion when any one 
proposes to rob us of their companionship." But, be that 
as it may, as Page ?! states, "The body of knowledge must 
constantly discard the false. The need for scepticism and 
open criticism is vital" An open mind and a readiness to 
modify or abandon existing or popular concepts when 
newer and better ways are demonstrated is also vital. 
But, new proposals are not always or necessarily better. 

In the vast literature on this subject there is a sub- 
stantial core of hard incontestable fact. There is also 
an abundance of error, of judgment based on error, of 
unjustifiable manipulation of statistical data, and of in- 
valid conclusions drawn from data which may themselves 
be perfectly valid. 

In an editorial entitled, "Deceptive Associations in 
Clinical Data," Johnson * stated, "The majority of er- 
roneous interpretations of statistical associations are 
traceable to the presence of unrecognized bias through 
case selection." We would add to this also, through ob- 
vious and easily recognizable bias in case selection. 

Although we are in full agreement with Butcher‘ 
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that it is not difficult to defend radical mastectomy as 
the method which should be used by most surgeons to 
treat cancer of the breast, it is not our purpose to present 
^another defense of radical mastectomy." Rather, it is 
our purpose to conduct a critical analysis of the validity 
of the data and conclusions offered by some of the more 
prominent propcnents of conservative surgery for oper- 
able cancer of the breast. Among those most frequently 
quoted are Crile, Kaae and Johansen, Mustakallio and 
Rissanen, and Peters. 


The Crile Papers 


Crile has been one of the most outspoken advocates of 
conservative surgical treatment for breast cancer and 
over the past decade has written numerous papers pre- 
senting his views. The gist of his thesis is well expounded 
in two of these papers, one published in 1961 ° and the 
second in 1968.7 

Crile points out that in 1955 he decided to use simple 
mastectomy, usually without irradiation therapy, as the 
standard treatment of most patients with cancer of the 
breast. At the same time his colleagues at the Cleveland 
Clinic continued to use conventional radical operations 
and often added postoperative radiation. He states that 
size of the tumors and the age of the patients were 
similar in the two series. During the ensuing years there 
has been a steady swing among the surgeons still using 
the radical procedure from the use of standard radical 
to a modified operation consisting of mastectomy plus 
dissection of the axilla with preservation of the pectoral 
muscles, so that in the years 1957 to 1962 only a single 
one of 39 so-called radical operations was a standard 
radical mastectomy. 
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` Also, over the years, the election of simple mastectomy 

versus the radical operation increased from 12% in 1953- 
1954 to 73% in 1957. An increase in the 3-year survival 
rate between the years 1953-1954 and 1957 is attributed 
to the increasing employment of simple mastectomy. The 
results reported in the first paper * have little significance 
since most of the reported results were for 3 years only. 
Yet, some interesting facts begin to emerge which, when 
further elaborated in the second paper,’ provide clear 
evidence of bias in case selection as a most important 
determinant factor in his end results. 

Crile," in the 1968 paper makes a comparison of two 
groups of cases, each clinical Stage I, one of which, num- 
bering 22 cases, was treated by the radical operation 
and in which metastatic disease was found in the axillary 
lymph nodes. The second group of 25 were treated by 
simple mastectomy and in the course of 1 to 84 months 
metastatic disease in the axillary nodes developed. These 
were treated by axillary dissection in 22 cases and by 
cobalt therapy in three. 

The point is emphasized that even after the delay of 
l to 84 months in the simple mastectomy group, which 
later required axillary dissection, the proportion having 
minimal involvement of nodes (402 with only one node 
involved), was higher than those treated initially by the 
radical operation in which only 27% had only a single 
-node involved. This is construed as favoring the simple 
operation. The obvious and far more logical explanation 
- would seem to be that the patients treated by the simple 
operation were in an earlier stage of the disease to begin 
with. 

The obviously strained effort to present an appearance 
of equivalence of the two groups with respect to the 
numbers of involved nodes in each group is apparent in 
that it is accomplished only by an assumpticn that all 
three of the patients who had cobalt treatment, and in 
whom the number of involved nodes was not known, 
each had 10 involved nodes. This results in an assump- 
tion that five of 25 patients with Stage I cancer had 10 
lymph nodes involved by metastatic disease; a statistical 
improbability of monumental proportions. 

The 5-year survival rate for each of these two groups 
was 68%, These findings are explained as follows: “It 
seems that after the primary tumor was removed a 
moderate delay in treating the axillary nodes did not 
either. cause the cancer to spread from node to node or 
increase the incidence of distant metastasis. This sug- 
gests that in human mammary cancer, just as in trans- 
plantable cancers of mice that involvement of nodes by 
cancer indicates that the nodes either failed to become 
immune to the cancer or that their immunity was over- 
ridden by an excess of antigen making them susceptible 
to metastasis once they are involved by cancer. There- 
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fore, the immunologic resistance of the patient is not 
lowered by removing them." 

It may be pertinent to point out here that there is not 
a shred of real evidence to suggest that removal of axil- 
lary nodes, involved or not involved by cancer, has any 
influence on general immunity in human breast cancer. 
Moreover, in a very comprehensive study of this prob- 
lem in the laboratory, Hammond and Rolley ? of the 
National Institute of Health report as follows: “Reten- 
tion of regional lymph nodes throughout the postopera- 
tive period, retention of regional lymph nodes for ten 
days followirg early operation, or absence of regional 
lymph nodes following early operation were without dif- 
ferential effect on the subsequent development of meta- 
static disease" . . . and “Therefore, no singular property 
in this regard can be attributed to the regional lymph 
nodes. Rather, they are part of the sensitized lympho- 
reticular system, any portion of which is effective in 
adoptive transfer of immunity if sufficient numbers of 
cells are used. The data presented here extend the pre- 
viously reported observations concerning regional lymph 
nodes in development of tumor immunity to the role of 
regional lymph nodes in the. development of metastases 
and wound recurrence. In neither instance do the re- 
gional nodes have demonstrable effects" . . . and "Until 
methods are available for demonstrating spread of tu- 
mor from the primary into regional lymphatics prior to 
operatiou, the classic concept of en bloc resection for 
human neoplasm must remain the standard procedure 
in order to achieve permanent tumor control in the 
maximum number of individuals." 

We would suggest again that the apparent favorable 
results obtained by Crile after simple mastectomy are 
the result of bias in case selection. Further evidence that 
this is so will be pointed out. 

The second group of cases reported by Crile,’ his Ta- 
ble 2, our Table 1, consists of a study of 5-year survival 
rates of comparable so-called "True Stage I` cases" 
treated by simple mastectomy or the radical operation. 
True Stage I is defined as Clinical Stage I cases in which 
after the radical operation no evidence of metastatic 
disease is found in the axillary ]ymph nodes, and those 
which after simple mastectomy remain free of evidence 
of metastatic disease in the axillary lymph nodes. 

Criles’ Table 2 is reproduced here along with his foot- 
note, which we believe provides the key to the bias in 
case selection in his material. 

What has happened to the selected group of patients 
considered here is of little importance compared with 

-the light which this footnote casts on the overall treat- 
ment policy at the Cleveland Clinic. What is of great 
significance :s the fact that of the 27 patients with tumors 
less than 1. cm. in diameter, which were deleted from 
those to be studied, only one was found in the radically 
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TABLE 1. (Crile’s Table 2) Five-Year Survival Rates of Comparable "True Stage I" Patients Treated by Simple Mastectomy or by Radical 
Mastectomy with or without Irradiation *1955 Through 1962. 














Number of Average Size, Average Age, Survivors, Percentage 
Treatment Patients Cm. Years Number Surviving 5 years 
Radical with or without cobalt 43 2.7 56 28 65 
Simple, without cobalt 94 2.8 58 77 82 
Simple, with cobalt** 16 3.0 59 11 69 











* All patients had invasive operative Stage I cancers. Patients with cancers less than 1.5 cm. in diameter were excluded because patients 
with small tumors were often selected for simple operations. The survival rate of the patients with cancers less 1.5 cm. in diameter treated 
by simple mastectomy was 22/26 (85%). The one patient with a tumor less han 1,5 cm. in diameter treated by radical mastectomy survived 


5 years. 


** Because these were irradiated, the status of the axillary nodes is not known. 


treated group as opposed to 26 who were treated by 
simple mastectomy. One would have to be very credu- 
lous indeed to believe that a treatment policy so mas- 
sively biased that 96% of the most favorable tumors on 
the basis of tumor size are allocated for simple mastec- 
tomy, is not also operative with respect to other factors 
which connote a favorable prognosis, such as discrete, 
mobile tumors versus infiltrating types, entirely nega- 
tive axillae versus dubious or borderline cases, or, let us 
say, tumors from 1.5 to 2.5 cm. 

The results of Crile’s * comiparison:of 10-year survivor- 
ships after simple versus the radical operation provides 
further evidence of this bias in action. The reported 10- 
year survival rate for the years 1955 to 1957 for Stage I 
and Il cases is 48% for simple mastectomy and only 34% 
for the radical operation. How else can the extremely 
poor results following the radical operation be explained 
other than by thé fact that the patients submitted for 
the rádical operation represent the residue from a total 
from which a large proportion. of the most favorable 
cases have been skimmed off and allocated for treatment 
by simple mastectomy? In order to bring out clearly the 
significance of these figures, it is only necessary to com- 
pare them with those reported from other clinics rather 
than with each other. 

Table 2 shows a comparison of Crile's figures with 
those of our own and others recently reported from 
comparable time periods. l 

It is of interest that the figures in Table 2 show not 
only that the 10-year survival figures of all the other 
authors, Payne et al”? Anglem and Leber,’ and Finney 
et al.,8 show an advantage of from 21 to 26% over Crile's 
figure for the radical operation, but also exceed his sur- 


vival figure for patients treated by simple mastectomy, 
despite the undoubted bias in the selection of cases in 
this group. 

The decrease in the survival rate at 10 years compared 
with Crile’s 5-year survival figure is in accord with the 
experience of others, A number of authors have ob- 
served that the differential rate of survival between 
patients treated by radical versus simple mastectomy 
tends to increase with longer follow-up. Finney et al.8 
found this change most striking after the 10th year, 
and observed that if a patient's life expectancy is 10 
years or more she has a better chance of long-term 
survival with a radical than with a simple mastectcmy. 
This would apply to women up to age 74 whose life 
expectancy is 10.3 years according to Metropolitan Life 
Insurance Company Statistics. Brinkley and Haybittle ? 
have also shown that in Stage I cancer respective sur- 
vival rates for simple versus radical mastectomy were 
85.7 versus 73.3 at 5 years in favor of simple mastectorny, 
but at 15 years had reversed to 50% for the radical opera- 
tion versus 36.8% for the simple. 

One of the main points in Criles thesis is that remov- 
_ing uninvolved axillary lymph nodes diminishes the 
patient’s resistance to the spread of the cancer and for 
this reason he has advocated simple mastectomy for 
Stage I cancer with delayed axillary dissection if meta- 
static nodes appear. If there were any basis for this 
assumption it would be apparent in the reports of the 
end results of surgeons who carry out the practice of 
radical mastectomy for Stage I cancer. That this is 
clearly not the case is apparent from the figures shown 
in Table 3. i: 

Despite the undoubted selection of favorable cases for 








TABLE 2. Ten-year Survival after Surgery for Cancer of tke Breast Comparison—Crile and Other Authors 
_ Author Time Period Stage of Disease Method of Treatment Number of Cases % Ten-year Survival 

Crile 1955-1957 Stage I & II Simple mastectomy 69 48% 
Crile 1955-1957 Stage I & II Radical mastectomy 62 34% 
. l : (modified) 

Payne et al. 1955-1964 All operable Radical mastectomy 2171 59.4% 
Anglem and Leber 1949-1959 Columbia Stage A&B Radical mastectomy 94 60% 
Finney et al. 1946-1965 All operable Radical mastectomy 71 55% 
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TABLE 3. Comparison of Five-year Survival of “Crile True Stage I Cases" * with All Operable Cases with Negative Nodes after Radical Mastectomy 
of Other Authors 
Number of % Surviving Five 
Authors Years Cases Stage of Disease Method of Treatment Years 
Crile 1955-1962 110 Clinical Stage I Simple mastectomy 80% 
with negative nodes 
Crile 1955-1962 43 Clinical Stage I Some standard radical— 65% 
with negative nodes mostly modified radical 
Finney et al** 1946-1965 115 All operable Radical mastectomy 91% 
. with negative nodes 
Payne et al 1955-1964 1205 All operable Radical mastectomy 86.4% 
with negative nodes 
Anglem and Leber 1939-1959 119 Columbia A, B, & C Radical mastectomy 81% 
with negative nodes 
Anglem and Leber*** 1939-1959 109 Columbia A, B, & C Radical mastectomy 89% 


with negative nodes 


Determinate 





* Clinical Stage Ionly with negative nodes after radical mastectomy, or without evidence of appearance of nodes after simple mastectomy. 
** Using Standard Life Table Methods. 
*** There was an exceptionally large number (10) of indeterminate cases in this group (died without disease of other causes), 6 of the 10 


between age 72 and 85. 


the simple mastectomy groups and that all o£ Crile's cases 
are in clinical Stage I, and despite the fact that in the 
case of all of the other authors, Payne et al.,?? and Finney 
et alè Anglem and Leber, all operable cases are in- 
cluded, his results are equalled or exceeded by those of 
all of these authors whose patients were treated by rad- 
ical surgery. 


The Mustakallio-Rissanen Papers 


Among the most commonly quoted reports cited by 
supporters of conservative surgery are those from the 
Radiotherapy Clinic at The University Hospital in Hel- 
skini, Finland by Mustakallio and Rissanen. 

Mustakallio ??^ reported the cases of 107 patients 
treated by local or wedge excision followed by irradia- 
tion therapy, with a 5-year survival rate of 84%, and 
in a very small number of cases followed for 10 years, 
13 of 18, of 722. Here again, the admenition of Johri- 
son !* regarding the influence of unrecognized bias 
through case selection is pertinent. 

Mustakallio states that "the method should be used 
only when examination of the patient reveals that can- 
cer has not spread beyond the mammary gland and 
the primary tumor could be easily extirpated and that it 
should not be used when the tumor is clinically ill- 
defined.” These stipulations insure a selection of small 
and very favorable tumors and constitute an obvious 
bias, and a high survival rate should be expected. A 
comparison of such a selected group with unselected 
cases treated by radical mastectomy has no validity. 

The most recent and most comprehensive report from 
this center by Rissanen ?* comparing patients treated by 
this method with another group treated by radical mas- 
tectomy clearly reveals the extent of the bias in the 
selection of cases for the lesser procedure. 

Rissanen reports on 1008 cases treated between 1948 


and 1961, all in Stage I(U.LC.C, 1960). The correspond- 
ing T.N.M. groups were T1 N.O.M.O. and T2 N.O. M.O. 
All the patients were followed for a mininium of 5 years 
and 689 were followed for 10 years. 

Four hundred and fifteen patients were treated in the 
conservative manner developed by Mustakallio, of local 
excision followed by postoperative iadiotherapy. The 
remaining 593 were treated by radical operation com- 
bined with pre and/or postoperative Roentgen therapy. 
A local recurrence developed in the spared mammary 
gland in the conservatively treated group in 25.82 of the 
cases. 

In the ccnservatively treated group, the tumor size 
was Tl (2 cm. or less) in 190 or 462. In the radically 
treated group the tumor was Tl in 90 and T2 in 503 
cases; i.e., 85% of the tumors were from 2 to 5 cm. in 
diameter and 15% (2 cm. or less) compared with 46% 
of the consezvatively treated group. 

Despite this massive bias in the selection of patients 
for conservative mariagement the survival rate for the 
radically treated group was slightly higher at both the 
5 and 10-year follow-up, 82% versus 79% at 5 years, and 
71.5 versus 71 at 10 years. 


The Kaaé and Johansen Papers 


Among tke advocates of conservative surgery for mam- 
mary cancer, citation of the results of the so-called clini- 
cal trial carried out by Kaae and Johansen ë is almost 
universally offered as a proof of the equivalent \ value or 
superiority of conservative treatment. In this instance 
the comparison was between simple mastectomy fol- 
lowed by postoperative irradiation by the McWhirter 
method versus extended radical mastectomy according 
to the Dahl-Iversen technic, which included supraclavic- 
ular and parasternal node dissection. 

In a comparative study of 666 case records, 331 pa- 
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tients were designated for treatment by the McWhirter 
method and 335 patients were to undergo extended radi- 
cal mastectomy, originally selected by a random method. 

Kaae and Johansen’s conclusion as a result of this 
study was that the therapeutic results following the Mc- 
Whirter method and extended radical mastectomy by 
the method of Dahl-Iversen showed the same 5-year sur- 
vival rate and the same 5-year recurrence-free survival. 

Although this study is usually referred to as a clinical 
trial, it is not in fact a proper clinical trial. Although the 
initial selection of the two groups was randomized, a 
large number from each group was subsequently elimi- 
nated as inoperable, reducing the numbers of patients 
in the two series to 288 in the McWhirter treatment 
group, and 271 in the extended radical mastectomy 
group. Another 24% of each of these groups was then 
subtracted for a variety of reasons leaving 219 patients 
available for treatment by the McWhirter method, and 
206 for treatment by extended radical mastectomy. 
Only these cases were used in the comparative study. 
However, an additional 25 patients in the group de- 
signated for treatment by extended radical mastectomy 
did not receive the planned treatment because at opera- 
tion, 15 were found to be inoperable, eight were in 
unsuitable condition for extended radical mastectomy, 
and two refused the planned procedure and underwent 
simple mastectomv. Yet these 25 cases are used in the 
comparison as part of the group supposedly treated by 
extended radical mastectomy. One cannot help but 
wonder about the quality of the clinical material and 
the manner of its selection, and the statistical methods 
employed when 12% of the patients designated for one 
of the therapeutic regimens in the trial are found at 
operation to be unsuitable for the planned procedure 
after supposed inoperable patients had already been 
eliminated. The survival figure is calculated on the basis 
of 206 cases in the extended radical mastectomy group, 
but only 181 patients were actually treated by this 
method. 

The results of an extension of this study showing 10- 
year end results and reported as part o£ the Cooperative 
International Study on the Treatment of Early Mam- 
mary Carcinoma !? raises further question as to the 
validity of their conclusions, and seem to be at odds 
with the prevailing notions regarding the significance of 
this so-called clinical trial. 

Table 4 is modified in form by us for clarity, but the 
figures are all those of Kaae and Johansen, or, in the case 
of the percentage of Stage A cases, can be derived from 
their figures. Stage D cases are excluded since there is 
general agreement that these patients are inoperable. 

Despite the fact that the McWhirter group contained 
81% Stage A cases versus only 77% for the extended radi- 
cal mastectomy group, and despite the defects in the 
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TABLE 4. Results of the Kaae and Johansen Comparison of Simple 
Mastectomy and Irradiation (McWhirter Method) and Extended 
Radical Mastectomy in Relation to Stage of Disease 
(Excluding Stage D cases from both groups) 








Percentage 
Percentage 10-Year 

Method of Treatment Stage Number  inStage Survival 
Simple mastectomy A 159 81% 50% 

and 
Irradiation 

(McWhirter Method) A,B,C 169 100% 45% 
Extended A 134 11% 55% 
Radical 
Mastectomy : A,B,C 174 100% 50% 





conduct of the trial already described, the 10-year sur- 
val rates are superior for the extended mastectomy group 
in Stage A, as well as for the group as a whole. 

Supporters of conservative surgery for operable mam- 
mary cancer frequently refer to the Kaae-Johansen re- 
port as a clinica] trial of simple mastectomy versus radi- 
cal mastectomy, assuming that the extended radical 
operation carried out by the Dahl-Iversen method is the 
equivalent of a standard Halsted-type radical mastec- 
tomy. 

There are very good reasons for the belief that the 
addition of internal mammary node dissection by the 
method of Dahl-Iversen may well have been a factor in 
spreading the disease. 

Some years ago when the practice of internal mam- 
mary node biopsy was first popularized, we carried out 
this procedure in a small series of cases, but very soon 
concluded that dissection of these tiny lymph nodes and 
small fragile lymphatics in the soft fat in this area by an 
approach, in effect, not much different from the Dahl- 
Iversen practice was not in accord with good cancer 
surgery and likely to result in the spread of the disease, 
and we soon abandoned it. 

It is of interest that Dahl-Iversen himself has also 
abandoned this procedure, as quoted by Kaae and Johan- 
sen," and that Haagensen,® long an advocate of internal 
mammary node biopsy has also given it up and makes 
the following observations regarding his reasons: "With 
our previous policy of internal mammary biopsy we 
may have missed a good many of these metastases be- 
cause we did not perform our biopsy in a large enough 
proportion of our patients. The second possible reason 
why our new policy may give better results is that we 
may have been disseminating the disease with our inter- 
nal mammary biopsies." 

We would like to make it clear that we do not feel 
that the objections stated above apply to the en bloc 
type of internal mammary node removal as practiced by 
Urban,? Sugarbaker;?? and others. 
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The Cooperative International Study on the Treatment 
of Early Mammary Carcinoma 


Certain data elicited from this excellent international 
study undertaken by Haagensen and others? in the 
hope of clarifying some of the conflicting views regard- 
ing optimum treatment of operable mammary cancer do 
not appear to have received the attention which they 
merit. 

It is surprising that in the appraisal of these results the 
advantage of the radically treated group cver those 
treated by simple mastectomy has not been sufficiently 
emphasized. This is very apparent when the percentage 
of Stage A cases in the respective groups is taken into 
consideration. 

Table 18 from this study has been modified by us to 
bring out certain factors. Stage D cases are eliminated 
from all series since there is virtually universal agree- 
ment that these are not "operable" We have also 
omitted from this table the results of patients treated 
by extended or super-radical operations for the reasons 
already mentioned, and because their inclusion intro- 
duces an element of confusion. The percentages of Stage 
A cases of the various authors have been calculated by 
us from their figures. 

In our view, the crux of the problem and the chief 
point at issue is whether or not the axilla should be dis- 
sected. 

As currently encountered in clinical practice, meta- 
static disease will be found on routine examination in 
approximately 30% of Stage A cases. When, in addition 
to routine study, clearing technics and serial sections 
are carried out on the 70% of supposedly negative nodes, 
an additional 22% as reported by Pickren,™ or 33% as 
reported by Saphir and Amromin," of those patients 
thought on routine examination to be free of axillary 
nodal disease, will in fact have metastases in these 
nodes. Thus, the total percentage of involved nodes in 
Stage A cases will be from 45 to 53%. 
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Table 5 shows the pertinent data from the interna- 
tional study modified as we have described. 

The superior quality of the clinical material in the 
two groups treated by simple mastectomy reported by 
Miller 18 and Kaae and Johansen 1° is apparent in the 
distribution of the cases in accordance with the Co- 
lumbia Classification. It is particularly noteworthy that 
81% of the Kaae and Johansen cases and 70% of Miller’s 
cases are in Stage A. This is in marked contrast with 
the percentage of Stage A cases in the radically treated 
groups which are 54%, 63%, 54%, and 48% respectively, as 
reported by Butcher? Haagensen and Cooley,? and 
Handley and Thackray,? and Williams and Stone.9? 

The table also shows that despite the more favorable 
material in the groups treated by simple mastectomy, 
the 10-year survival rates were superior both for those 
treated by radical surgery in Stage A and for Stages 
A, B, and C together, except in one instance; i.e., the 
Kaae and Johansen group treated by the McWhirter 
method versus the Butcher radical mastectomy series 
where the results were virtually identical at 43% and 44% 
10-year survival. However, the Kaae and Johansen series 
contained 81% Stage A cases and the Butcher series only 
54%. 

For the patients in Stage A, all of the radically treated 
groups showed substantially higher survival rates than 
those treated by simple mastectomy. 

It is also of particular interest that figures are avail- 
able which permit a direct comparison of the 5-year end 
results from the Miller series, reported in the initial 
phase of the International Study by Kennedy and Miller 
in 1963,7 with a series treated by radical mastectomy 
from the sarne institution, The Grace Hospital in Detroit, 
by one of these same authors, Miller.!? 

Eliminating Stage D cases from both series as inoper- 
able, of the remaining patients in Stage A, B and C by 
the Columbia Classification, 692 of those treated by 
radical mastectomy were in Stage A versus 70% of the 
conservatively treated group. 




















TABLES. Results of Treatment of Mammary Cancer I0- Year Survival— Columbia Clinical Classification 
Simple Mastectomy Radical Mastectomy or Mcdified Radical Mastectomy (Axilla Dissected) 
Williams & Stone 
Handley & Thackray Modified Radical 
Kaae & Johansen Butcher Haagensen & Cooley Modified Radical Mastectomy & 
Miller McWhirter Method Radical Mastectomy Radical Mastectomy Mastectomy (Patey) Axillary Dissection 
Cases Stage A 70% 81% 54% 63% 54% 48% 
No. of 9510-Year No.of %10-Year No.of %10-Year No.of %10-Year No.of %10-Year No. of % 10-Year 
Cases Survival Cases — Survival Cases Survival Cases Survvial Cases Survival Cases Survival 
Stage 
A115 40% 159 50% 216 56% 344 10% 77 61% 68 59% 
Stages 
A, B, C 167 35% 196 43% 399 44% 545 55% 143 50% 141 49% 
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The 5-year end results for all Stage A, B and C cases 
were 50% for the cases treated by simple mastectomy 
and 70% for those treated by radical mastectomy, and 
for Stage A cases, the figures are 80% versus 62% in favor 
of radical mastectomy. 


The Peters Paper 


Among the most commonly quoted statistics in support 
of a policy of limited surgery in operable cancer of the 
breast are those contained in a report by Peters.” 

Peters has reported on a series of cases observed at 
the Ontario Institute, Toronto, of Stage I and II patients, 
according to the International classification, who had an 
excisional biopsy prior to, or at the same time, as the 
major treatment, between the years 1935 and 1960. There 
were 825 patients and 200 of these received radiotherapy 
as the first or major treatment following the biopsy. 
These were divided into four groups. Groups A and B 
received radical irradiation at some interval following 
the excisional biopsy, and of these, Group B were treated 
by mastectomy at a later date. 

In Group C, radical surgery was the first major treat- 
ment at an interval of more than one day following the 
excisional biopsy and postoperative irradiation. In Group 
D a quick-section excisional biopsy was performed im- 
mediately preceding radical surgery. 

The 5 and 10-year survival figures are as follows: 





Number 
Group of Cases 5 Years 955 Years 10 Years %10 Years 
A 124 94 76 62 48 
B 76 54 71 (not given) 52 
C 308 233 76 162 50 
D 344 247 72 339 44 


No attempt was made to separate Stages I and II in 
these groups. 

It is concluded from these results that a preliminary 
excisional biopsy, which in this study has been con- 
sidered synonymous with a local or wedge resection of 
the primary lesion did not entail a risk to any of the 
patients in Groups A, B and C. This report is widely 
cited as indicatinz that local excision and irradiation 
are as effective in the treatment of early mammary can- 
cer as radical mastectomy performed immediately after 
confirmation of the diagnosis by frozen section examina- 
tion. 

Here, once more, the hidden bias described by John- 
son 1* is at work. 

The following things are wrong with this study: 

l. Although the cases in this study were classified, 
and all were in Stage I or II, no information is offered 
regarding the distribution of the Stage I and II cases 
in the various groups. 

2. Every surgeon with any considerable experience 
with breast cancer is well aware of the fact that when 
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the sequence of events of local excision of a tumor is 
carried out, followed by delay in the decision regard- 
ing definitive treatment, the reason, with rare excep- 
tions, is that the tumor was regarded preoperatively as 
benign and only local removal was contemplated, and 
the patient was not apprised of the possibility of mastec- 
tomy. 

In a substantial number of such cases the neoplastic 
nature of the tumor is not apparent even on gross sec- 
tion and the presence of cancer is not established until 
the permanent sections are available. In short, this is 
a highly selected, extremely favorable group of cases 
and a comparison with a group treated by radical mas- 
tectomy after immediate frozen section is completely 
invalid. 

3. All the force of logic would imply that even among 
those who were treated by radical! mastectomy follow- 
ing a period of delay after excisional biopsy would have 
been selected for this treatment because they were con- 
sidered less favorable as a result of the information 
gained from the local excision, than those for whom it 
was considered reasonable to add only irradiation. 

Moreover, it is of interest that the patients treated by 
initial radical mastectomy are chosen from an earlier 
time period, when, unless conditions in Toronto differ 
from those observed elsewhere, patients on average were 
in a more advanced stage of the disease than those ob- . 
served in a later period of time. The above observation 
is apparent from the fact that 982 of the patients in this 
group were eligible for the 10-year follow-up. versus 
only 50 to 52% of the other groups. 

It is rather startling also to find that Peters finds it 
not only acceptable, but even gratifying, that of 76 
patients in Group B who came to subsequent radical 
mastectomy after local excision and irradiation, only 
28% were found to have residual disease; and in 308 pa- 
tients in Group C who had excisional biopsy, and who 
had later radical mastectomy, only 77 or 25% had residual 
disease in the breast. The number who had metastatic 
disease in the axillary nodes is not given. 

Finally, it is difficult to understand why the crucial 
data which would show the real significance of these 
figures; ie. the distribution of Stage I and II cases in 
the various groups, is withheld. 


Conclusions 


Prompted by the apparent increasing spread of the 
notion that radical mastectomy can no longer be re- 
garded as the treatment of choice for operable cancer 
of the breast and that equal or superior results may be 
obtained by conservative surgical procedures with or 
without adjunctive irradiation therapy, we have under- 
taken a study of the data provided by some of the au- 
thors most commonly quoted in support of this thesis, 


632 


along with other relevant data from the recent literature 
on the subject. 

Careful scrutiny of the writings of the most commonly 
quoted sources in support of conservative treatment 
reveals extensive and obvious bias in the selection of 
cases for the simplified treatment. Of even greater sig- 
nificance is the fact that despite this widespread bias in 
the selection of cases, critical analysis of the figures pro- 
vided by these same authors not only fails to provide 
support for a policy of conservative treatment, but in 
every instance except one, the authors own figures when 
compared with comparable clinical material treated by 
radical mastectomy indicate a clear and often massive 
superiority for the radical operation. In the. single ex- 
ception, the Peters Paper, the vital information which 
would permit such a comparison and which the context 
of the paper indicates is available; namely, the distribu- 
tion of Stage I and II cases among the groups, is with- 
held. 

In this report we have not attempted to assess the 
merits of the various so-called modified radical proce- 
dures which include dissection of the axilla. We be- 
lieve that these procedures in certain circumstances 
have a definite place and employ them ourselves with 
increasing frequency. i 

However, we believe that as mammary cancer is en- 
countered in clinical practice, from 45% to 53% of the 
most favorable group ( Columbia Stage A? will be found, 
when examined by methods more searching than routine 
examination, to have axillary nodal disease. We believe 
strongly that there does not exist anywhere in the sur- 
gical literature evidence to suggest that any other 
method of dealing with this disease is as effective as 
surgical dissection of the involved nodes, nor do we 
believe that there is any valid evidence to suggest that 
the surgical removal of axillary nodes, whether or not 
involved by cancer, has any deleterious influence on 
the patients immunity or resistance to the future pro- 
gress of any residual disease which may be present in 
- other areas. 
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Adrenergic Denervation of the Hypertrophied Gut Remnant 


ROBERT J. TOULOUKIAN, M.D., GEORGE K. AGHAJANIAN, M.D. 


HE MECHANISM OF compensatory hypertrophy which 

follows massive intestinal resection remains undeter- 
mined. Recent investigations *? of regional blood flow 
using the radio-rubidium distribution technic have dem- 
onstrated that hypertrophy of the ileal remnant follow- 
ing 50 per cent midenterectomy is accompanied by a 
rise in percentage of cardiac output received by that 
segment to values similar for the entire ileum of simple 
transection and unoperated animals. The mean percen- 
tage of cardiac output to the non-hypertrophied jejunal 
remnant was reduced proportionate to the extent of 


. resection and did not rise in the chronically enterectom- 


ized animal. Sirice the increase in blood flow to the 
ileal remnant was selective and parallels compensatory 
hypertrophy, the possibility that a causal relationship 
exists must be considered. 

The autonomic innervation of the gut wall may have 
an indirect role in producing compensatory hypertrophy 
by inducing the changes in blood flow previously de- 
scribed. The purpose of this study is to evaluate adren- 


-ergic function in the jejunal and ileal remnants by meas- 


urement of endogenous catecholamine levels and by 
observation of the adrenergic terminals in the gut wall 
by fluorescent histochemistry. 


Methods and Materials 


Catecholamine Levels 


The catecholamine levels of the jejunal and ileal 
remnants following mid-enterectomy was studied in 20 
white male Sprague-Dawley rats including four normal 
controls, four animals in two groups, 2 days and 2 months 
after simple transection, and four animals in two groups, 
2 days and 2 months after mid-50 per cent enterectomy. 

The normal control animals were maintained on a 
standard laboratory diet. Operations were performed 
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under Metaphane (Methoxy-flurane) inhalation anes- 
thesia. Simple transection consisted of dividing the intes- 
tine midway between the ligament of Treitz and ileocecal 
junction with direct reanastomosis. Enterectomized rats 
underwent resection of the middle half of the gut leav- 
ing equally long jejunal and ileal remnants. All bowel 
anastomoses were performed with a single inverting 
layer of 5-0 arterial silk, Rats were deprived of solid 
food for 12 hours prior to the operation and for 24 kours 
after the operation. 

Tissue levels of catecholamine were determined es- 
sentially by modification of the fluorometric method of 
Von Euler and Lishajko? and final determinations re- 
corded for nanograms of catecholamine per grem of 
dried tissue to eliminate the error produced by tissue 
edema. Following sacrifice of the animal with en in- 
travenous injection of saturated potassium chloride solu- 
tion the jejunum and ileum (and jejunal and ileal 
remnants) were removed in toto, stripped of their mes- 
enteric attachments and milked clean of intraluminal 
material. Tissues were weighed and frozen with drv ice 
then homogenized in 15 per cent trichloroacetic acid 
containing 0.1% EDTA. After centrifugation, EDTA (10 
mg./ml.) and 0.2 ml. of Tris buffer, pH 8.2 were added 
to the extract, The extracts were then adjusted to pH 
8.4 and applied to 1.4 x 0.4 cm. columns of aluminium 
oxide (British Drug House) twice, as described pre- 
viously. The columns were eluted with 1.5 ml. of 0.2 M 
perchloric acid plus 1.5 ml. of distilled water. One half 
ml. of the eluate was taken for oxidation. Here the ex- 
ception was made in that 0.3 ml. of 0.5 M phosphate 
buffer, pH 7.0 was used to bring the pH to 6.0 prior 
to oxidation with ferricyanide. 
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Fluorescent Histochemistry 


Jejunal and ileal remriants were also studied by histo- 
chemical fluorescence 2 days and 2 months after enterec- 
tomy. The appearance of the adrenergic terminals was 
compared to that of normal control animals. The method 
employed involved modifications of the formaldehyde 
condensation procedure for demonstrating mono-amines 
in freeze dried tissue as originally described by Falck 
et al? The control and experimental rats were guillotined 
and the jejunal and ileal remnants rapidly removed. 
Coronal slices approximately 1 mm, in thickness were 
cut. and rapidly quenched in a mixture of propane and 
propylene (10:1) cooled by liquid nitrogen. The tissues 
were then placed in a dessicater over P3O; and freeze 
dried in vacuo at —45°C for one week. The dried tissue 
was exposed (1.5 hours) to formaldehyde gas generated 
at 80°C from paraformaldehyde powder (1 Gm./100 
ml. of chamber). The paraformaldehyde had previously 
been equilibrated with an atmosphere of 60 per cent 
relative humidity. Tissues were embedded in paraffin in 
.vacuo and sections (15 um in thickness) were cut and 
mounted on glass slides in non-fluorescent emersion oil. 
Slides were examined by means of a microscope (Zeiss 
Universal) equipped with a 200 watt mercury vapor 
lamp. Filter combinations were as follows: excitation, 
400 mu peak transmission (BG 12); barrier, 500 mu 
peak transmission. 


Results 


Selective hypertrophy of the ileal remnant was ob- 
served 2 months following resection and microscopic 
examination revealed marked villus enlargement as well 
as muscular hypertrophy. The jejunal remnant did not 
hypertrophy and its appearance was similar to that of 
normal control animals having simple transection with 
reanastomosis. 


Catecholamine Levels 


No significant difference in catecholamine level was 
observed in the jejunum and ileum of control rats. Ani- 
mals having simple transection and reanastomosis dem- 
onstrated a slight but significant rise in catecholamine 


TABLE 1. Catecholamine Concentration (nanograms/gram dry weight) 
in  Jejunal and Ileal Remnants of Control, Transected, and 
Enterectomized Rats 2 Days and 2 Months Following Operation. 








Jejunum Tleum 
Control 1048 + 62 958 + 75 
Transection and reanastomosis 
Two days 1101 + 91 1311 + 156 
' Two months 1030 + 72 1041 + 85 
Enterectomized 
Two days 751 + 53 793 +9 
Two months 977 + 124 594 + 75 
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concentration within the ileum (P « 0.05) and a return 
to normal 2 months following operation. 

The catecholamine level within the jejunal remnant 
decreased by 25 per cent 2 days after resection but was 
normal in animals 2 months after resection. Catechola- 
mine level within the ileal remnant was 25 per cent less 
than normal 2 days after resection and reduced still 
further to almost 50 per cent of normal at 2 months 
after resection. Specific values for catecholamine con- 
tent per gram of dried tissue are recorded in Table 1. 


Fluorescent Histochemistry 


The histochemical fluorescence studies of the jejunal 
and ileal remnants 2 days following resection and the 
jejunal remnant 2 months after resection fail to reveal 
any difference in adrenergic innervation when com- 
pared to the jejunum and ileurn of normal controls and 
animals undergoing simple transection and reanastomo- 
sis. 

The greatest fluorescent activity was observed in the 
myenteric and submucosal plexus and was particularly 
dense in the arteriolar wall of control animals. Fuoresc: 
ing nerve fibers were frequently airanged in the form 
of a capsule about a core of non-fluorescing nerve fibers 
and cell bodies within the arteriolar wall. Many fasiculi 
containing adrenergic fibers linked the myenteric plex- 
uses within the submucosal region or serosa. A few 
adrenergic fibers were seen within the musculature it- 
self. 

A dense innervation of adrenergic fibers surrounded 
the arterial vasculature in the submucosa. Some fine 
fibers penetreted the mucosa and extended to the sur- 
face epithelium. The majority of the adrenergic fibers 
ramified within the intramuscular stroma and on the 
basal aspect of the glandular epithelium above the 
muscularis mucosa. 

Examination of the hypertrophied ileal remnant re- 
vealed a striking reduction in adrenergic terminals 
throughout the gut wall. Most impressively reduced was 
the number of fluorescing fibers in the muscle layers 
and in the submucosal and intramuscular arteriolar bed. 
A comparison of the density of adrenergic terminals 
within arterioles of the control and hypertrophied ileal 
remnant are exhibited in Figure 1. Occasional adrenergic 
fibers are apparent in the myenteric plexus but by con- 
servative estimate are reduced in density by 50 per cent 
of normal. 


Discussion 


The results of this study clearly demonstrate evidence 
of marked adrenergic denervation in the hypertrophied 
ileal remnant and intact adrenergic innervation of the 
non-hypertrophied jejunal remnant. The normal ap- 
pearance of the adrenergic terminals in both the jejunal 
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Fic. 1A, Fluorescent ad- 
renergic fibers within the 
arterial wall of the nor- 
mal rat ileum. (Mag- 
nification x50) 


and ileal remnant 2 days after resection is compatible 
with prior observations in cats undergoing celiac gan- 
glionectomy.? In these studies fluorescence of the adren- 
ergic terminals in the gut wall disappeared over a 6-day 
period after nerve division indicating a gradual utiliza- 
tion of the catecholamine. The slight but significant in- 
crease in catecholamine content observed in both the 
jejunal and ileal remnants 2 days after simple transec- 
tion with reanastomosis is consistent with earlier studies 
demonstrating a transient rise in sympathetic activity 
during the postoperative period. Marked elevations are 
believed responsible for reflex inhibition of intestinal 
motility and “adynamic ileus.” On the other hand, more 
severe functional stress appears to reduce catecholamine 
levels which then return to normal provided that adren- 
innervation intact. Evidence of this 
phenomenon is revealed in the 25 per cent reduction in 
catecholamine content in the jejunal remnant 2 days 
following resection and a return to normal levels within 
2 months. 

The reduction of the catecholamine content in the 


ergic remains 


ileal remnant to approximately 50 per cent of normal 2 
months after resection correlates with a corresponding 
reduction in the number of adrenergic terminals within 
the gut wall. Particularly impressive is the reduction of 
visible adrenergic terminals to the arterial vasculature in 
the submucosa and myenteric plexus. Encapsulating 
adrenergic fibers frequently found about non-fluorescing 
nerve fibers and cell bodies were also reduced in number 
as was the density of adrenergic nerve fibers linking the 


DENERVATION OF HYPERTROPHIED INTESTINE 





635 





Fic. 1B. Intact distribution of adrenergic fibers in the arterial wall 
of the rat ileum two days following resection. (Magnification 
x50) 
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ayenteric plexus with the submucosal region or the 
erosa. The normal distribution of these fibers in the 
:junal remnant combined with the excellent weight gain 
nd healthy appearance of the animals eliminates the 
iossibility that these observations could be artifactual 
r induced as a secondary phenomenon in a highly 
tressed or “sick” animal. 
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Fic. 1C. Diminished 
number of adrenergic 
fibers in the myenteric 
plexus of the hypertro- 
phied ileal remnant. Flu- 
orescent fibers are very 
scanty in the hypertro- 


phied circular smooth 
muscle, (Magnification 
x50) 


The marked adrenergic denervation of arterioles in 
the hypertrophied ileal remnant is highly significant 
when correlated with the previously described evidence 
of increased blood flow to this segment. These studies 5? 
also demonstrated that a selective elevation of ileal 
mucosal blood flow occurred within 2 days after resec- 
tion. This observation is of particular significance when 


Fic. 1D. See legend for 1C. 
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considering that prolonged sympathetic stimulation of 
the vasoconstrictor sympathetic fibers to the gut induces 
an opposite effect by redistribution of blood flow from 
the mucosa to the submucosa. The combined blood 
flow, biochemical, and histochemical data, clearly in- 
dicate that massive resection partially denervates the 
ileal remnant of its adrenergic postganglionic fibers re- 
sulting in increased blood flow; whether or not adren- 
ergic denervation and the reciprocal changes in blood 
flow are causally related to compensatory hypertrophy 
remains conjectural. 

Increased blood flow may stimulate cellular growth by 
increased circulation of a humoral growth factor or sim- 
ply by increasing local cellular metabolism and cellular 
growth rates. Vagotomy is known to reduce jejunal and 
ileal blood flow by nearly 50 per cent* in experimental 
subjects and is believed responsible for villus atrophy 
following vagotomy procedures. These findings are 
precedent enough to anticipate that blood flow and 
cellular growth and metabolism are related. Selective 
pharmacologic adrenergic blockade of the jejunal rem- 
nant and intact jejunum and ileum will aid in deter- 
mining the specific effects of adrenergic denervation 
on villus hypertrophy. 


Summary 


The adrenergic innervation of the hypertrophied ileal 
remnant was studied in Sprague-Dawley rats following 
50 per cent mid-enterectomy by measurement of endo- 
genous catecholamine activity and histo-fluorescence of 
the adrenergic terminals in the gut wall. Endogenous 
catecholamine activity was reduced by nearly 50 per 
cent of normal, and accompanied by a corresponding 
decrease in the density of adrenergic terminals within 
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the myenteric plexus and arterial vasculature of the 
hypertrophied ileum. Similiar studies of the non-hyper- 
trophied jejunal remnant did not differ from the jejunum 
and ileum of normal controls and those animals under- 
going simple transection with reanastomosis. The evi- 
dence clearly indicates that adrenergic denervation of 
the hypertrophied gut remnant follows major intestinal 
resection. The causal relationship between adrenergic 
denervation and compensatory hypertrophy is conjec- 
tural. 
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A Review of 64 Patients with Pancreatic Cysts 


DOMENIC SCHARPLATZ, M.D.,* THOMAS T. WHITE, M.D., F.A.C.S. 


N A PREVIOUS ANALYSIS of 733 cases of pancreatitis from 
Swedish, University, and Doctors Hospitals in Seattle, 
we were impressed by the relatively poor results ob- 
tained in the treatment of acute and chronic pancreatic 
cysts. There were only 21 cysts seen among 554 patients 
who had acute pancreatitis. On the other hand, there 
were 42 chronic cysts seen among 179 cases of chronic 
pancreatitis. 

In the present study of 64 patients with pancreatic 
cysts, the most frequently used operation was internal 
drainage. This was carried out in 28 of these patients, 
external drainage in 19, sphincterotomy in 12, and re- 
section in five. Because 21 of the 64 patients in this series 
required a secondary operation at some later date to 
completely solve the patients’ problems, we felt that an 
analysis of this experience gained at these three hos- 
pitals would be most helpful in leading us to a better 
plan of primary treatment in the future. 


Material 


We have divided our series of 64 patients into six 
groups according to the primary procedure and have then 
evaluated each group of patients for recurrence of their 
problems, particularly those requiring reoperation ( Table 
1). 
Of the 19 patients who had external drainage, nine re- 
quired a variety of procedures to complete the treatment. 
The various approaches used indicated the inadequacy 
of a single operation. One patient who had acute pan- 
creatitis with necrosis first was drained, and later re- 
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drained to the outside, and still later was satisfactorily 
treated by sphincterotomy. Another patient who devel- 
oped acute pancreatitis with cyst formation after a 
Billroth II resection had successful drainage of the cyst 
into the duodenal stump. A third patient had such a well 
organized cyst following external drainage of an acute 
cyst that he could be properly treated by cystogastros- 
tomy. Five patients who had cysts superimposed on 
chronic pancreatitis drained a large amount of pancreatic 
juice to the outside (100-400 ml/day) believed to be 
secreted by large segments of functional tissue remain- 
ing to the left of the cyst. A resection of the left half of 
the pancreas to the right of the cyst was carried out in 
one of these five patients, and pancreaticojejunostomies 
were performed on the other four to solve the problem. 
The only later postoperative complications have been 
wound hernias. The ninth patient was satisfactorily 
treated by ligation of the fistula between the pancreas 
and the external drainage tract. 

Seven of the 12 patients treated with sphincterotomy 
required subsequent reoperation. All seven of these pa- 
tients had primary chronic pancreatitis with superim- 
posed cysts. Five of the seven were chronic alcoholics. 
The other two had chronic pancreatitis on the basis of 
congenital deformity of the ductal system, i.e., obstruc- 
tion due to incomplete formation of the duct between 
the duodenum and pancreatic ducts. Four of these pa- 
tients underwent subsequent pancreaticojejunostomies 
using a Roux-Y loop approximately 10 to 15 cm. in length 
before their difficulties were permanently eradicated. 
Two patients were successfully treated by cystogastros- 
tomy and one patient required repeated external drain- 
age and finally a 95 per cent pancreatectomy. 

Four of the five patients who had had cystoduodenos- 
tomies required reoperation. In one a pancreaticojejunos- 


638 


Vol. 176 * No. 5 














PANCREATIC CYSTS 639 
TABLE 1. Results of Surgical Treatment 
Present series Jordan et al? Thomford et al.? Kaiser et al. Hoxworth et al.5 Total 
Op Reop Op Reop Op Reop Op Reop Op Reop Op Reop 
External Drainage 19 9 22 1 0 16 0 0 1 74 16 
Sphincterotomy 12 7 10 2 22 9 
Cystoduodenostomy 5 4 6 0 
41 1 122 8 
Cystogastrostomy 6 0 4 1 11 
Cystojejunostomy 17 1 2 0 14 0 16 1 
Resection 5 0 9 0 3 0 9 1 26 1 
Total 64 21 72 2 21 1 49 8 38 2 244 34 
Op. cases 64 21 70 2 21 1 39 8 32 2 226 34 





tomy successfully drained dilated ducts in the left half 
of the pancreas associated with multiple strictures. Pan- 
creaticoduodenectomy was used in the three other pa- 
tients. In two of these patients total pancreatectomy was 
needed to completely eradicate symptoms. 

One patient who had an inadequate pancreatico- 
cystojejunostomy at the first operation later developed 
further cysts in the tail of the pancreas which were un- 
drained by the initial procedure so that this segment of 
the pancreas together with the spleen had to be resected 
for final cure. 


General Physical and Historical Findings 


Our 64 patients consisted of 45 men and 19 women, 
ranging in age from 4 to 82 years (average 46.6 years). 
In the acute cysts series the mean age was 48.3 and in 
the chronic cysts series, 45.9 years. Four patients died in 
the postoperative period: one from complications of a 
carcinoma of the parathyroid, one from breakdown of a 
cystogastrostomy, one from severe postoperative hemor- 
rhage after 95 per cent resection of the pancreas, and one 
from breakdown of a cystoduodenostomy followed by a 
duodenal fistula. 


Etiology 

Sixty-two of the 64 patients had pancreatitis as the 
primary problem. Of these 64—six had abdominal in- 
juries or postoperative pancreatitis, eight had gallstones 
with secondary acute pancreatitis, three had congenital 
obstruction of the pancreatic ducts, and 45 were chronic 
alcoholics. The latter group was the most difficult to 
treat because they had many other problems. In addi- 
tion there were two patients who had carcinoma, one of 
whom developed a pancreatic cyst — a wedge 
biopsy, and another who develope d a cyst behind : 
metastases from the lung to the head of the pancreas. 

The most common clinical finding in our patients was 
abdominal pain, present in 52 of the 64 patients. In nine 
patients there was nausea and vomiting. A mass could be 
felt in 18 patients. Although all of the patients had 
elevated amylases, only 14 had amylase levels three times 


normal or over. However, in the patients with acute cysts, 
the amylase level was much higher than in cysts overlying 
chronic pancreatitis, rising to as much as 40 times normal. 
Other symptoms included ascites in 12 patients, fluid in 
the chest in 16, and prolonged hiccup in 14. 


Complications 


Four of the patients died of complications after opera- 
tion, one of hyperparathyroidism, one of coronary 
occlusion, one as the result of dehiscence of a cysto- 
gastrostomy and one of carcinoma of the pancreas. Other 
complications in our patients were persistent pancreatitis 
—three; duodenal ulcer—four; subphrenic abscess— 
three; persistent diabetes—three; chronic fistula—two; 
duodenal obstruction—one; gastrointestinal bleeding— 
two; and recurrence of the cyst in two additional patients. 
There were two malignant tumors in the series, one was a 
carcinoma of the head of the pancreas, and the other 
was a parathyroid carcinoma. Both of these patients died 
shortly after operation. 


Discussion 

In any discussion of acute and chronic pancreatitis it 
is important to define what is meant. We have used the 
classification put forward by the symposium on the 
etiology and pathology of pancreatitis at^ Marseilles, 
France in 1963 to clarify our data.? We group 1) acute 
pancreatitis and recurrent pancreatitis together, and 
2) chronic pancreatitis and recurrent chronic pancreatitis 
together. 

In our previously reported series * over half of the pa- 
tients in the first group had gallstones. The pancreas 
generally returned to a normal appearance after the 
attack if the initial causative factors were eliminated. 
Ordinarily acute pancreatitis did not progress to chronic 
pancreatitis, but this eventuality was possible. The aver- 
age age in our series of 554 patients with acute pan- 
creatitis was 54 years. The group with chronic pancreatitis 
was younger, the average age was 37 in 179 cases. The 
patients with chronic pancreatitis could have repeated 
acute exacerbations with an underlying chronic pain 
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which never disappears, or chronic pain alone without 
exacerbations. Permanent damage to the pancreas has 
əccurred which persisted even after the initial factor or 
‘actors, such as alcoholism, responsible for the disease had 
been eliminated. Chronic pancreatitis usually appears 
from the start as a chronic disease, and rarely follows the 
acute form. 

In our series the dominant primary problem was pan- 
ereatitis of one type or another. We were impressed by 
the fact that half of the patients who had primary ex- 
ternal drainage required a secondary operation for relief 
in contrast with figures in the literature, ??* reporting 
only a small minority who required reoperation—one in 
eight rather than one in two. It is difficult to determine 
the reason for this factor other than, as in Sarles' * ex- 
perience, our patients with acute cyst and no underlying 
chronic pancreatitis usually had their problems solved 
by external drainage alone, while those with an under- 
lying chronic disease did not. 

Seven of our 12 patients who had had sphincterotomies 
as their primary procedure required reoperation. All of 
these patients had chronic pancreatitis. The five who did 
not require reoperation had acute pancreatitis according 
to the definition mentioned above. We do not have re- 
lated data on this matter other than that Kaiser et al? 
reported reoperating in only two of the 10 patients on 
whom he performed sphincterotomy. It is unfortunate 
that a clearer definition as to the condition of the patient 
is not given in most articles on this general subject. 

In this series the most disappointing type of internal 
drainage was cystoduodenostomy. Four of five patients 
required a subsequent procedure when this was em- 
ployed. This is in variance with the widely quoted report 
of Mercadier.* The unfortunate part about that series was 
that no patient was followed for more than 9 months. All 
of our patients were followed for more than 5 years. The 
first recurrence occurred 18 months after the original 
anastomosis. Cystogastrostomy and cystojejunostomy has 
proved effective in our experience. We make a rather 
extensive opening in the pancreas when we perform a 
cystojejunostomy, actually producing a 10 cm. pan- 
creaticojejunostomy (our preferred treatment at the mo- 
ment ).? In the series listed in Table 1 only three of 94 
patients with internal drainage, reported by three other 
authors, ??. required a secondary procedure. We have 
no indication from their articles as to length of follow-up 
so that their good results may be more apparent than 
real. 
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We resorted to resection in only five cases, and prefer, 
in patients with cysts as in other patients with pancreati- 
tis, to reserve this operation for the final procedure when 
all else fails. Only one of 21 patients who underwent 
resection for cysts reported in the literature required 
another procedure pertaining to the pancreas. Only the 
head of the pancreas was resected in three patients and 
these had primary cystoduodenostomies. Two of these 
three patients required total pancreatectomy before the 
symptoms were removed. Thus, recurrence following a 
resection is usually recurrent in the remaining pancreas. 
A 95 to 100 per cent pancreatectomy will, of course, 
eliminate the problem completely. 


Summary 

In a series of 64 patients with pancreatic cysts, the 
primary operation was internal drainage in 28 patients, 
external drainage in 19, sphincterotomy in 12, and resec- 
tion in five. 

Nine of the 19 treated by external drainage required 
further operation for relief. 

Seven of the 12 treated by sphincterotomy required 
additional operation. 

Four of five cystoduodenostomies proved inadequate. 
Cystogastrostomy and cystojejunostomy proved most 
satisfactory and the latter with a long opening into a 
Roux Y jejunal loop is recommended where it is possible. 
Resecting was reserved for those patients who could not 
be relieved by other means. 
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Testing Adequacy of Vagotomy at Operation 


HE INCIDENCE of recurrent ulceration after vagotomy 
T. duodenal ulceration compares unfavorably with 
that after partial gastrectomy and is probably not less 
than 5 per cent. Vagotomy is now considered the opera- 
tion of choice for duodenal ulcer and it is generally 
agreed that incomplete vagal nerve section is the com- 
monest cause of recurrent ulceration.? A means of testing 
whether complete gastric vagal nerve section is achieved 
at operation was described in 1958 by Burge and Vane? 
By using this method Clark and Murray * found that the 
number of incomplete gastric vagal nerve sections was 
markedly reduced. The electrical stimulation test de- 
scribed by Burge and Vane has not gained general ac- 
ceptance although it would appear to be the most prom- 
ising means available which can help to improve results. 

The authors have used the Mark III instrument de- 
scribed by Burge, Roberts et al.* since July 1969 to test 
the completeness of gastric vagal section. The test has 
been used in 70 cases, the experience obtained and dif- 
ficulties encountered with the test are déscribed in this 
report. 


The Apparatus 


The apparatus consists of a standard sphygomanom- 
eter box with a built-in stimulator Figure 1, a cuffed 
gastroesophageal tube Figure 2, and a stimulating elec- 
trode Figure 3. A transistorized battery powered stimula- 
tor is built into the base of the box. The electrode is 
stimulated by a square wave current of 40 volts at a 
frequency of 15 per second. The manometer in the 
sphygomanometer box is filled with colored water. 

The apparatus is assembled by inserting the cuffed 
tube into the stomach, and the cuff is inflated ensuring 
an air tight fit when the circular stimulator is applied. 
The outlet of the stomach is clamped with a soft bowel 
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clamp and the gastric tube is connected to the manorn- 
eter. The stomach is inflated to a pressure of approxi- 
mately 60-100 mm. of water Figure 4. It is important to 
test the apparatus to ensure an air-tight fit at all connes- 
tions before operation. 


Preoperative Preparation 


No anticholinergic drug should be given before opera- 
tion. Anticholinergic drugs used for treatment of duo- 
denal ulceration should be ceased at least 2 weeks 
before operation. Some tranquillizers have an anticholin- 
ergic action so that all drugs except simple antacids are 
best avoided. Atropine or scopolamine may not be pre- 
scribed with premedication if the test is to be used but 
morphia or omnopon may be used alone and atropine 
given after the test. 


Anesthetic 


It is preferable to induce anesthesia with sodium 
thiopentone and use gallamine triethiodide for muscle 
relaxation? This technic was used in the majority cf 
cases in our series but muscle relaxation was achieved 
with d-tubocurarine exclusively in five patients and 
halothane was used freely in ]4 patients without af- 
fecting the test. Burge states that fluothane may not be 
used during operation because it may render the test 
unreliable. 


The Operation 


The standard operation carried out by the authors 
is bilateral selective gastric vagotomy using the technic 


Fic. 1. Stimulator and 
manometer. 





described by Tanner in 1966.* When the electrical test 
is used the operation is modified as follows:— 

Modification 1. After mobilization of the left lobe of 
the liver the hepatic branches of the anterior vagus 
nerves are identified. The esophagus is encircled above 
the hepatic fibres after incising the peritoneum on either 
side of the esophagus. 

Modification 2. The electrical stimulation test is per- 


. Gastroesophageal 
tube. 
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Fic. 3. Circular stimulat- 
ing electrode. 


formed next to ensure the apparatus is in working order. 
The electrode is placed around the esophagus above the 
hepatic branch of the anterior vagus nerve. A positive 
response or any rise in intragastric pressure indicates 
that drugs or anesthetic agents used have not affected 
the test. This response must be obtained at this stage 
if the test is to be used to ensure complete vagotomy. 
A standard selective vagotomy is carried out leaving 
the gastroesophageal tube in the stomach or lower 
esophagus. 

Modification 3. After bilateral selective gastric vago- 
tomy is complete the test is repeated by placing the 
circular electrode in the same position as before, i.e. 
around the esophagus above the hepatic branches of 
the anterior vagus nerves. If the posterior vagus nerve 
is not included it is irrelevant because all posterior con- 
nections to the lower esophagus have been divided. If a 
positive response is obtained, further vagal fibres are 






TO INFLATE 
OESOPHAGEAL 
TO MANOMETER 


TO STIMULATOR 


Fic. 4. Diagramatic rep- 
resentation of assembled 
apparatus. 
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sought until a negative response is obtained. No rise in 
intragastric pressure must occur after stimulation for 
one minute for the test to be considered negative. 


Difficulties and Precautions 


Gastroesophageal Tube. Difficulties have been encoun- 
tered when passing the gastroesophageal tube, smooth 
passage of the tube is aided by the liberal application of 
a watery lubricant. Gentle traction on the lower esopha- 
gus should be applied which allows easy passage of the 
tube especially when a hiatus hernia is present. If the 
tube fails to pass easily or if an esophageal abnormality 
is present it should not be used. 

The Stimulator. Stimulation is applied by pressing the 
red button in the stimulator box, this must be kept 
depressed for one minute, a flicking red light indicates 
adequate stimulation. If the red light does not flick the 
batteries are exhausted or too much. blood surrounds the 
electrode. If the lamp does not flicker when the electrode 
is removed and held in the air the batteries must be 
replaced. - 

Recording. Complete muscle paralysis must be present 


during the period of stimulation as slight diaphragmatic 


moverent will cause a rise in pressure to be transmitted 
to the stomach. We have found it best to continue ven- 
tilation with a respirator during stimulation, there will 
be a fluctuation in the manometer level during each 
respiratory movement but the maximal and minimal level 
does not alter if the test is negative. It is rarely pos- 
sible for apnea to be maintained for one minute with- 
out straining. If the electrode is placed too high it is 
possible to stimulate the diaphragm and thus give a 
false reading. 


Results 


Since July 1969, 70 cases of selective vagotomy have 
been performed using the electrical stimulation test as 
described. The extra time taken to perform the test has 
been estimated as up to 10 minutes if no further search 
for vagal fibers is necessary. The reasons for failure of 
the test to be performed are listed in Table 1. 

When scopolamine was given inadvertently the test 
was attempted in one patient but it failed. Oxyphen- 
cyclimine (Daricon, Pfizer), given up to 36 hours before 
testing, did not affect the test but isopropamide;iodine 
(Tyrimide, S.K. & F.), given 48 hours before testing, 
rendered the initial test negative in one case. Isopropa- 
mide remains active longer than oxyphencyclimine be- 
cause the iodine molecule binds the substance to plasma 
proteins. 

When difficulties in passage of the tube.were en- 
countered further attempts were abandoned. In one 
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TABLE |. Cause of Failure of the Electrical Stimulation Tes: 





Inability to pass tube 

Perforated esophagus 

Trauma to pharynx 

Drugs—Tyrimide (S.K. & F.) 
Scopolamine 

No response at initial testing 


moa a we 


m m 





Total 


o 





early case esophageal perforation occurred above a stric- 
ture due to a hiatus hernia. The patient recovered from 
the operative procedure necessary to repair the perfora- 
tion. Àn esophageal stricture occurred which was re- 
placed with an isolated segment of jejunum, later after 
a further operation was necessary when a stricture 
occurred a second time. The patient died after this stric- 
ture was excised and replaced by an isolated segment of 
colon. 

The electrical stimulation test was performed success- 
fuly in the remaining 62 patients. It is too early for 
adequate clinical assessment of these patients but no 
recurrent ulcers have occurred to date. An assessment 








TABLE 2. Results of Insulin Test —Criteria—Ross and Kay 
Total Tested 36 
Early Response 0 
Late Response 11 
No Response 25 





has been made using the insulin stimulation test ¢ 
months or more following operation. The results have 
been interpreted agordis to the early and late response 
of Ross and Kay? and the five score criteria of Bank 
Marks and Louw.' In 36 patients subjected to insulir 
testing following operation there was no case in whick 
an early response occurred. Late responses occurred ir 
11 cases, Table 2 

Twenty four patients scored no points, five patients one 
point, five patients two points and two patients three 
points. 

It is realized that the interpretation of the insulin test 
is difficult but it is well known that early response +c 
insulin testing after vagotomy is associated with a pro 
hibitive rate of recurrent ulceration. The authors sub. 
mit that the elimination of the early response in thi: 


TABLES. Results of Insulin Test— Five Score Criteria 





Score 0 1 2 3 4 5 
Patients ` 24 5 5 2 0 0 
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series is due to the use of the electrical stimulation test 
at operation. These results have convinced the authors 
that the operation of choice for duodenal ulceration is 
bilateral selective gastric vagotomy utilizing the elec- 
trical stimulation test. 


Summary 


The electrical stimulation test to ensure complete 
gastric vagotomy at the time of operation has been used 
since July 1969. The Burge Mark III instrument has 
been used in 70 cases. The preoperative and anesthetic 
requirements, difficulties and complications of the test 
are discussed. 

A positive response to clectrical testing at the con- 
clusion of vagotomy has led to a further search for vagal 
fibres in at least 50% of cases. The insulin stimulation 
test performed 3 or more months after operation has not 
shown an early positive response in 36 cases tested. 


CUMBERLAND 
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Effect of Truncal Vagotomy on 2-Deoxy-D-Glucose and Insulin 


Choleresis 


STUART J. GOURLAY, M.D., RAYFORD SCOTT JONES, M.D. 


HE AUTONOMIC INNERVATION Of the liver !? has stimu- 

lated investigation of the physiologic role of the 
vagus nerves in the regulation of bile flow and composi- 
tion. Tanturi and Ivy !* demonstrated an increase in bile 
secretion with electrical stimulation of the vagus nerves. 
Fritz and Brooks * showed that insulin-induced hypogly- 
cemia produced marked choleresis in conscious dogs, 
which was prevented by anticholinergic drugs or vago- 
tomy, suggesting that insulin choleresis was vagally 
mediated. The choleretic effect of 2-deoxy-D-glucose 
(2-DG), a strong vagal stimulant of gastric acid secre- 
tion,^* has been demonstrated in dogs by Brooks and 
Grossman.! Recently Jones et al.5 characterized the dose- 
response relationships for both choleresis and gastric 
acid secretion with insulin and 2-DG in dogs. Both 
agents produce choleresis characterized by increased 
volume and chloride concentration. Geist and Jones ? 
recently showed that selective hepatic or selective ex- 
trahepatic vagotomy had little effect on insulin-induced 
choleresis. Truncal vagotomy, however, reduced, but did 
not abolish, the choleretic effects of insulin. This sug- 
gested an extravagal mechanism in insulin choleresis. 
The present study was undertaken to observe the effect 
of vagotomy on 2-DG as well as insulin choleresis. 


Methods 


Six female mongrel dogs weighing 15.9 to 25.4 Kg. 
underwent cholecystectomy, ligation of the lesser pan- 
creatic duct, and insertion of two modified Teflon 
Thomas cannulas, one in the duodenum opposite the 
opening of the common bile duct, the other in the 
stomach. Beginning no sooner than 2 weeks after opera- 
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tion, experiments were performed no more than three 
times weekly. After an 18-hour fast the duodenal and 
gastric cannulas were uncorked and a polyethylene tube 
(Intramedic PE 190, O.D. 1.7 mm.) was inserted 4-6 
cm. into the common bile duct through the duodenal 
fistula and brought out through a hole in the cork which 
occluded this cannula during the experiment. Bile and 
gastric specimens were collected every 15 minutes. 

Throughout each experiment the dogs received in- 
travenous infusions at 50 ml./hr. delivered by a cali- 
brated peristaltic pump (Harvard Apparatus Co., Dover, 
Mass. ). During the first four 15-minute periods, 0.16 M 
NaCl was infused, then 0.5% sodium taurocholate ( May- 
bridge Chemical Co., Ltd., Tintagel, North Cornwall, 
U.K.) was added to the NaCl infusate and continued for 
the duration of the experiment. After the fourth period 
of sodium taurocholate infusion either 1.0 umit/Kg. 
regular insulin (Lilly, Indianapolis, Ind.) diluted with 
10 ml. of 0.16 M NaCl, 200 mg./Kg. 2-deoxy-D-glucose 
(Sigma Chemical Co., St. Louis, Mo.) dissolved in 10 
ml. 0.16 M NaCl, or 10 ml. 0.16 M NaCl (control) was 
injected intravenously through a 3-way stopcock in the 
infusion line. Only one agent was given in each experi- 
ment. Bile and gastric samples were collected for eight 
15-minute periods following the injection of insulin, 2- 
DG, or NaCl. 

Bile and gastric juice volumes were recorded. Bile 
bicarbonate concentrations were determined by adding 
0.5 ml. of bile to 1.0 ml. of 0.1 N HCl, boiling, cooling, 
and back-titrating to pH 7 with 0.2 N NaOH, using an 
automatic titrator and pH meter (Autoburette Radio- 
meter, Copenhagen). Chloride concentration was esti- 
mated with a chloridometer ( Buchler-Cotlove, Fort Lee, 
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TABLE 1. Electrolyte Composition of Control and 2-deoxy-D-glucose Stimulated Bile before and after Truncal Vagotomy (six dogs)* 
Prevagotomy Postvagotomy 
Control 2-DG Control 2-DG F LSD 
Bile flow ml/15 min 2.2 4.2* 2.4 3,6" 9.05 0.9 
HCO;- conc mEq/l 32.2 41.0 31.5 25.6 2.51 
HCO; output wEq/15 min 75.2 177. 6* 76.4 103.8 7.97 49.0 
CI- conc mEq/l 80.0 89,0* 75.0 75.0 4.50 9.0 
CI- output 4Eq/15 min 183.9 377.1* 179.0 287.8* 8.95 90.9 


* Significantly different from control value P < 0.05 





* Each value is the mean of two experiments on each of six dogs. Peak bile flow occurred between the first and the eighth 15-minute periods 
lowing 2-DG administration in all dogs and between the second and fifth periods in 20 out of 24 experiments. All electrolyte values used 


1 computing the mean values are from that period in each experimen 


t following 2-DG in which the peak bile flow occurred. Corresponding 


eriods in the control experiments were used in each case. Comparisons were made using analysis of variance with F signifying the variance 


atio and LSD the least significant difference at the 5% level. Fo.os 


V. J.). Gastric acid concentration was measured with 
he automatic titrator and pH meter by titrating to pH 
' with 0.2 N NaOH. 

After two 2-DG, insulin, and control experiments in 
^ach dog truncal subdiaphragmatic vagotomy and a 
Teineke-Mikulicz pyloroplasty were done through an 
ibdominal incision. One dog, on the initial post-vago- 
omy insulin test, showed evidence of an incomplete 
vagotomy. He underwent a supradiaphragmatic truncal 
vagotomy through the left thorax. Two weeks were al- 
owed for recovery, then each dog was restudied as be- 
‘ore vagotomy. 


Results 


Peak Bile Flow. Peak bile flow after 2-DG or insulin 
was significantly increased to approximately twice the 
control value (Tables 1 and 2). Vagotomy had no sig- 
nificant effect on bile flow after either drug, or on the 
control bile flow (Table 3). 

Bicarbonate Concentration. Neither 2-DG nor insulin 
caused a significant change from control in bicarbonate 
concentration (Tables 1 and 2), and vagotomy had no 
effect on 2-DG, insulin, or control bicarbonate concen- 
trations (Table 3). 

Bicarbonate Output, Both 2-DG and insulin caused a 


TABLE 2. Electrolyte Composition of Control and Insulin Stimulated Bile before and after Truncal Vagotomy (six dogs)* 


2.89, Fo. = 4.44 (df 3, 33) 


significant increase in bicarbonate output before vago- 
tomy; vagotomy abolished this response to both drugs 
(Tables 1, 2 and 3). 

Chloride Concentration. Before vagotomy, both 2-DG 
and insulin caused a significant increase in chloride con- 
centration (Tables 1 and 2). Vagotomy abolished this 
response to 2-DG and significantly decreased the insulin- 
stimulated increase (Table 3). 

Chloride Output. 2-DG and insulin both caused an in- 
crease in chloride output before vagotomy (Tables 1 and 
2). Vagotomy significantly diminished this response to 
2-DG, but had no effect on response to insulin (Table 3). 

Gastric Secretion. Before vagotomy, gastric acid out- 
put rose to a peak of 7.30 = 1.56 mEq/15 min. in the 
third period after 2-DG (Fig. 1) and to a peak of 2.50 + 
0.70 mEq/15 min. in the fourth period after insulin 
(Fig. 2). Acid output was not elevated above control 
values after either agent following vagotomy (Figs. 1 
and 2). 


Discussion 


The cytoglucopenic agent 2-DG is a vagal stimulant of 
gastric acid secretion." Brooks and Grossman ! first dem- 
onstrated 2-DG choleresis and the effects of 2-DG on 
bile flow and composition were characterized by Jones 





Prevagotomy 





Postvagotomy 





Control Insulin Control Insulin F LSD 
Bile flow ml/15 min 2.2 4.6* 2.4 4. 1* 12.46 1.1 
HCO conc mEq/l 33.2 37.9 28.8 24.9 2.90 9.5 
HCO; output uEq/15 min 81.3 178. 1* 86.8 91.7 6.53 51.8 
CI- cone mEq/l 80.0 97.0” 73.0 84.0* 10.48 9.0 
CI7 output 4Eq/15 min 183.6 158. 4* 201.6 365.4* 10.26 118.9 


* Significantly different from control value P < 0.05 














* Each value is the 
»eriods following insulin administration in all dogs and between the 


mean of two experiments on each of six dogs. 


Peak bile flow occurred between the first and the seventh 15-minute 
second and sixth periods in 20 out of 24 experiments. All electrolyte 


values used in computing the mean values are from that period in each experiment following insulin in which the peak bile flow occurred. 
Corresponding periods in the control experiments were used in each case. Comparisons were made using analysis of variance with F signifying 


he variance ratio and LSI the least significant difference at the 5% 


level. Fu.nns = 2.89, Fo.m = 4.44 (df 3, 33) 
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TABLE 3. Effect of Truncal Vagolomy on Peak Bile Flow and 
Electrolyte Composition after 2-deoxy-D-glucose and Insulin and in 
Control Experiments* 











Control 2-DG Insulin 
Bile flow 0 0 0 
HCO; conc 0 0 0 
HCO; output 0 Il ui 
CI” conc 0 ll J 
CI“ output 0 l 0 





* 0 = no effect (p > 0.05) 
{ = significant diminution of prevagotomy response (p < 0.05) 
ll = abolition of prevagotomy response (p < 0.05) 
This table summarizes the effects after vagotomy. All statistical 
data are taken from Tables 2 and 3. 


et al? No data have been published to suggest whether 
or not 2-DG causes increased bile flow by vagal stimula- 
tion. The finding that truncal vagotomy failed to abolish 
the increased bile flow and chloride output suggests a 
nonvagal mechanism in 2-DG choleresis. It is not clear 
why vagotomy prevented 2-DG stimulated bicarbonate 
output while not affecting 2-DG stimulated chloride out- 
put. Wheeler 1° suggested that the biliary ductules con- 
tribute a bicarbonate rich secretion in bile formation and 
that this process is regulated by secretin, cholecystokinin, 
gastrin, and perhaps vagal stimulation. It is possible that 
vagal stimulation increases bicarbonate output from the 


ductules and the effect was, therefore, abolished by 


vagotomy. There remains an obvious nonvagal com- 
ponent which is important in 2-DG choleresis. We also 
have data showing that atropine does not prevent 2-DG 
choleresis (R. E. Geist, R. S. Jones, unpublished observa- 
tion). 

The exact nature of the extravagal choleretic effect of 
2-DG is unknown, but there are at least three possibili- 
ties: (1) 2-DG may act directly on one or more sites in 
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Fic. 1. Effect to truncal vagotomy on 2-deoxy-D-glucose stimulated 
gastric acid secretion. Each point represents the mean of two ex- 
periments on each of six dogs. In this and the subsequent graph, 
vertical lines indicate SEM. 
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Fic. 2. Effect of trunal vagotomy on insulin stimulated gastric 
acid secretion. Each point represents the mean of two experiments 
on each of six dogs. 


the liver to stimulate bile flow. 2-DG could stimulate 
the ductules; however, this is unlikely because ductular 
secretion is characterized by higher bicarbonate con- 
centration. Another possibility is that 2-DG stimulates 
bile salt independent canilicular secretion. (2) 2-DG 
may be excreted in the bile, acting as an osmotic 
choleretic; however, we did not measure 2-DG in bile. 
(3) 2-DG may stimulate release of an endogenous 
choleretic substance. 

Since vagal stimulation causes release of endogenous 
gastrin,” it is likely that 2-DG caused gastrin release in 
these experiments. Gastrin is a choleretic, but whether 
or not endogenous gastrin is important in choleresis is 
controversial^!4!9 Secretin is a very potent choleretic; 
however, secretin choleresis is characterized by marked 
elevation of bicarbonate concentration and output." In 
addition, there is no evidence to suggest that 2-DG 
stimulates secretin release, so in view of these observa- 
tions it is unlikely that secretin participates in 2-DG 
choleresis. Glucagon, on the other hand, is*a choleretic 
which stimulates increased bile flow, chloride concentra- 
tion and output without elevated bicarbonate concen- 
tration as does 2-DG. Although there is no direct 
evidence to suggest that 2-DG stimulates release of gluca- 
gon, 2-DG does cause cytologic changes in pancreatic 
alpha cells suggesting secretory activity." An interesting 
speculation is that the nonvagal component of 2-DG 
choleresis is mediated by endogenous glucagon. 

The finding that vagotomy also does not abolish in- 
sulin choleresis confirms the observation of Geist and 
Jones,5 who found that neither selective hepatic, selec- 
tive extrahepatic, nor truncal vagotomy abolished the 
choleretic effect of insulin. We cannot explain why our 
results differ from those of Fritz and Brooks who found 
that vagotomy abolished insulin choleresis. 
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Summary 


In dogs prepared by cholecystectomy, ligation of the 
esser pancreatic duct and insertion of modified Thomas 
'annulas in the stomach and duodenum, hepatic bile 
vas collected by cannulating the common bile duct 
hrough the duodenal fistula. Against a background 
sholeresis stimulated by a constant intravenous infusion 
of 0.5% sodium taurocholate in 0.16 M NaCl, intravenous 
njection of insulin, 1 unit/Kg., or 2-DG, 200 mg./Kg., 
ncreased bile flow, bicarbonate output and chloride con- 
»entration and output above control values, without af- 
'ecting bicarbonate concentration. Truncal vagotomy did 
10t affect any of these parameters in the control experi- 
nents. After vagotomy the mean peak bile flow after 
2-DG or insulin was not altered, but the increase in 
oicarbonate output was prevented and the increase in 
chloride output was reduced with either agent. 
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Pentapeptide and Insulin Stimulated Gastric Acid Secretion in 
Patients with Duodenal Ulcer before and after Selective 
Gastric Vagotomy and Antrum Drainage: 


A Comparison with Results Obtained from Studies before and after Parietal Cell 


HE procedure of selective gastric vagotomy was in- 
(be by Wertheimer in 1922, was used by 
Franksson 5 and Jackson? in 1947, and was re-intro- 
duced by Burge in England? and Griffith in the U.S.A. 
about 1960.* 

Since 1964 we have used selective gastric vagotomy 
and antrum drainage (SV) as a routine operation in 
patients with duodenal ulcers. The technic, described 
by Amdrup et al! consists, briefly, of cutting the lesser 
omentum across to the lesser curvature, followed by an 
ascending dissection of the omentum from the lesser 
curve and the distal esophagus. Both antrum and corpus 
are thus denervated. Gastric emptying is facilitated by 
a drainage procedure. (Fig. 1). 

The following is an analysis of spontaneous gastric 
secretion, and of pentapeptide and insulin stimulated 
secretion before, and between 2 and 3 months after 
selective gastric vagotomy with antrum drainage. 

The findings are compared with a similar analysis 
undertaken before and after parietal cell vagotomy 
(PCV).'* This latter technic ? comprises denervation of 
the acid producing segment of the stomach alone. 
Antrum innervation, and thus antrum motility, is pre- 
served. Gastric emptying is unimpaired,” and no drain- 
age procedure is necessary. (Fig. 2). 


Material and Method 


In 1970, 77 patients underwent elective SV for treat- 
ment of duodenal ulcer. In 30 patients (7 women and 
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23 men) in whom the average age was 51 years (24—66 
years) secretion studies were made before and between 
2 and 3 months after operation. 

The pentapeptide test (6 »g Peptavlon/Kg, s.c.) was 
made first, followed by the insulin test (0.2 I.U./Kg i.v.) 
after an interval of several days. After an overnight fast, 
the tests were made in the laboratory the next morning. 
Gastric tubes were positioned under X-ray screening con- 
trol as the patients lay supine, or slightly inclined to the 
left. Aspiration was induced by intermittent pump suc- 
tion which was constantly supervised, and the aspirate 
was collected every 15 minutes. 

The first 15-minute aspirate was designated "fasting 
secretion,” and the total of the next four 15-minute 
aspirates were designated "basal secretion." After penta- 
peptide activation a further six 15-minute aspirates were 
collected, and after insulin, a further nine 15-minute 
aspirates were collected. Insulin test results, when blood 
sugar did not fall below 40 mg./100 ml, are not in- 
cluded. 

For each aspirate over the 15-minute periods, volume, 
pH and acidity (by titration to pH 3.5) were measured. 


Statistical Calculations 


The significance of differences between the mean 
values is determined by division of the difference by the 
standard error of the difference. One, two or three stars 
(as appended in the subsequent text and tables) rep- 
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Fic. 1. Selective gastric vagotomy with pyloroplasty. 


resent the statistical significance (p) of, respectively, 
0.05, 0.01 and 0.001. Titrations were made to pH 3.5. 
Thus, gastric acidity after SV and PCV is frequently 0. 
In the comparisons between two periods, and between 
pentapeptide and insulin tests, only differences are in- 
cluded in which at least one of the observations was 
positive. 


Results 


Pre- and postoperative spontaneous secretion is com- 
pared in Table 1. The spontaneous secretion study pre- 
ceded both the pentapeptide and the insulin study, and 
there are, thus, two preoperative and two postoperative 
studies. Acid content in both fasting and basal secretions 
was significantly higher in the first preoperative study 
(p < 0.05). Therefore the mean of the first preoperative 
studies is used for comparison with the first postopera- 
tive study: 7 

Postoperatively, fasting secretion volume fell by 48%, 
acidity by 90%, and total acid output (TAO = volume X 
acidity) by 93%. Basal secretion comparable findings 
were, respectively, 35%, 91% and 94%. 


Pentapeptide and Insulin Stimulated Secretion 


Volume, acidity and TAO in each 15-minute period of 
aspiration before and after stimulation are recorded 
graphically in Figs. 1, 2 and 3. The preoperative curves 
closely resemble those of a previous study in a larger 
series of patients. The postoperative pentapeptide 
curves were similar to the preoperative curve, but vol- 
ume secretion was less—a fall from 115 ml. to 63 ml. in 
the second 15-minute period after stimulation—42% re- 
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TABLE 1. Spontaneous Gastric Acid Secretion before and 2-3 Months 
after Selective Gastric Vagotomy (SV) in Treatment of Patients with 
Duodenal Ulcer. 





Total Acid 





Amount Acidity Output 
ml./15 min. mEq/l. mEq/15 min. 
Fasting Secretion 
preoperative 132 + 87 29 + 17 4:6 3.5.2 
postoperative 68 4- 35 +4 8 0.3+0.8 
postop.—preop. —64 + 867" —26 + 1777" —4.3 + 5.077 
Basal Secretion 
preoperative 113 43 + 24 l3 SE 8 
postoperative 24 4 5 + 10 0.1 0.3 
postop.—preop. —13:1 127: —39+ 2077 —1.6 +4 1.177 


Mean + standard deviation. 


duction (p < 0.001); acid content fell from a highest 
preoperative value of 93 mEq/1 to a highest postopera- 
tive value of 48 mEq/1—48% reduction (p < 0.001). 
Maximal TAO (the second 15-minute period) conse- 
quently fell from 9.6 mEq to 3.3 mEq/15-minute—66% 
reduction (p < 0.001). 

The initial response to insulin stimulation which lasted 
approximately 30 minutes was an inhibition of gastric 
secretion volume (p < 0.01), acidity (p < 0.001), and 
TAO (p « 0.01). Thereafter, significant increases oc- 
curred in all three parameters (p « 0.001). After opera- 
tion, volume response to insulin was eliminated. Over the 
first 75 minutes there was significant inhibition (p « 
0.01), and during the observation period volume secre- 
tion never reached the spontaneous secretion level. Over 
the first 45 minutes, acidity was reduced, postoperatively, 
but not significantly. Thereafter significant increase in 





2. Parietal cell vagotomy with preserved antral innervation 
and no drainage procedure. 
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—— Peptavion 8 .9/ kg. 
---- Insulin 0.2 iu/kg. 


“sono Before operation o 





a-e After operation « 


Min. 


30 60 90 120 150 180 210 


Fic. 3. Pentapeptide and insulin stimulated gastric secretion in 
patients with duodenal ulcer before and 2-3 months after SV 
volume. 


acidity was observed (p « 0.05). At 120 minutes after 
stimulation maximal acidity measure was, preoperatively 
85 mEq/1, and postoperatively 20 mEq/1—a reduction 
of 76% (p < 0:001). Similar non-significant inhibition in 
TAO was observed again over the first 45 minutes. 
Throughout the remainder of the observation period TAO 
increased to just over the spontaneous secretion level. 
Maximal TAO measure at 105-120 minutes was 4.3 mEq 
preoperatively and 0.6 mEq postoperatively—a reduc- 
tion of 86% (p « 0.001). 


Comparison of Reduction in Spontaneous Gastric Secre- 
tion, and. Pentapeptide and Insulin Stimulated Acid 
Secretion after SV and PCV. 


Statistical evaluation results of the secretion study 
after both operations showed no significant difference 
in any parameter. 

Table 2 presents results based on Hollander's criteria.® 
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Fic. 4. Pentapeptide and insulin stimulated gastric secretion in 
patients with duodenal ulcer before and 2-3 months after SV 
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Fic. 5. Pentapeptide and insulin stimulated gastric secretion in 
patients with duodenal ulcer before and 2-3 months after SV tctal 
acid output. 


After SV, 18 patients were negative, and 12 were posi- 
tive (four in the first hour, eight in the second). After 
PCV, 22 patients were riegative, and eight were posi- 
tive (four in the first hour, four in the second).. An 
evaluation based on the multiple criteria of Bank et al.* 
is also shown. Only one patient met five criteria, and 
two met four. 
Discussion 

After selective gastric vagotomy and antrum drainage, 
no patient had any sign of gastric retention. Spontaneous 
secretion acidity was reduced by 90%, pentapeptide 
stimulated acid secretion by 66%, and insulin-stimulated 
acid secretion was practically eliminated. 

The stimulated acid secretion curves before and after 
SV ànd PCV were virtually identical Rate of gastric 
emptying is increased after selective gastric vagotomy 
and antrum drainage, which could partly explain the 
reduction in secretion volume. Increase in alkaline duo- 
denal juice regurgitation could partly explain the reduc- 
tion in acidity, By contrast, X-ray cinematography stud- 
ies after PCV 1? have shown that gastric motility and 
raté of emptying is nearly always unchanged. The simi- 
lar reductions in acid production following both opera- 
tions suggests that the significant mechanism is dener- 
vation of the parietal cell mass. It would also appear to 


TABLE 2. Postoperative Insulin Test after SV and PCV Evaluated 
after the Criteria of Hollander,’ and Bank et al.^ 








Hollander Bank et al. 
Number of patients +ve -ve 0 I II UWI IV V 
BeforeSV 27 3 0. 0 2 3 14 il 
After SV 12 18 15 6 5 2 1 1 
(4 early) 
Before PCV 30 0 0 0 0 2 11 17 
After PCV 8 22 16 7 4 2 1 0 
(4 early) 
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be evident, at least in fasting patients, that the antral 
vagus is of no significance in acid secretion. 

It is concluded that SV and PCV give similar reduc- 
tions in acid secretion after 2-3 months, which in itself 
gives no grounds for preferring the one or the other 
procedure. 

With reference to evaluation based on Hollander’s and 
multiple criteria, PCV would scem to be preferable, but 
this discounts the fact that some of the patients treated 
by SV had stenosing ulcers. 

We prefer selective vagotomy and antrum drainage 
when there are clinical and radiologic indications of a 
stenosing ulcer, but, at this time, find it defensible and 
preferable to treat patients with not stenosing ulcers by 
PCV. So far as can be ascertained, gastric emptving is 
unaffected, and, in consequence, post cibal complaints 
are rare (3). 


Summary 

Spontaneous gastric secretion, and secretion follow- 
ing pentapeptide and insulin. stimulation was studied 
in 30 patients with duodenal uleer before and after 
selective gastric vagotomy and antrum drainage (SV). 

The pre- and postoperative secretion patterns follow- 
ing pentapeptide stimulation were similar. Maximal acid 
production occurred 15-30 minutes after stimulation, 
and was reduced by 66% postoperatively. Insulin stimu- 
lated acid secretion was virtually eliminated. 

Comparison is made with the results of a similar secre- 
tion study made before and after parietal cell vagotomy 
without drainage (PCV). 

Statistical evaluation showed no significant difference 
in any parameter of spontaneous or stimulated secretion 
between the two operative procedures—SV and PCV. 
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 Pentapeptide and Insulin Stimulated Gastric Acid Secretion ir. 
Patients with Gastric and Duodenal Ulcei 


N GENERAL, gastric acid secretion under pentapeptide 
I stimulation reflects the maximal parietal cell capacity 
directly, while insulin acid response reflects parietal cell 
capacity in response to vagal stimulation. This study 
compares the results following stimulation by both 
methods, respectively, in patients with gastric and duo- 
denal ulcers. Further comparison is made of the two 
patient groups. 


Material and Method 


Sixty seven patients with duodenal ulcers and 30 with 
gastric ulcers were studied. Diagnosis was confirmed in 
all cases at operation. Age and sex distribution is shown 
in Table 1. 

The pentapeptide test (6 ug Peptavlon/Kg. s.c.) was 
made first, followed by the insulin test (0.2 L'U./Kg. i.v.), 
after an interval of a few days. After an overnight fast, 
the patients underwent the tests in the laboratory the 
next morning. Gastric tubes were placed under X-ray 
screening control Patients lay supine, or slightly in- 
clined to the left. Aspiration was performed by inter- 
mittent pump suction. which was constantly supervised, 
and the aspirates were collected every 15 minutes. 

The first 15-minute aspirate is designated “fasting 
secretion”, and the total of the next four 15-minute as- 
pirates is designated “basal secretion”. After pentapep- 
tide activation, six 15-minute aspirates were collected. 
After insulin, there were nine 15-minute aspirate col- 
lections. Insulin test results, when blood sugar did not 
fall below 40 mg./100 ml., are not included. 

For each aspirate over the 15-minute periods, volume, 
pH and acidity (by titration to pH 3.5) were measured. 
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Statistical Calculations 


Significant differences between the mean values arı 
determined by division of the difference by the standar 
error of the difference. One, two or three stars (as ap 
pended in the subsequent text and tables) represent thi 
statistical significance (p) of, respectively, 0.05, 0.0: 
and 0.001. Titrations were made to pH 3.5. Thus, gastri: 
acidity in patients with gastric ulcers is frequently 0 
and the Student t-test cannot be directly applied. Calcu 
lations were, therefore made in accordance with th 
theory of the truncated normal distribution, in which : 
0 value is taken as that negative which together witl 
observed positive values will give a normal symmetrica 
distribution. In the comparisons between two periods 
and between pentapeptide and insulin tests, only dif 
ferences are included in which at least one of the observa 
tions was positive. i 


Results 


Average volumes, acidity and total acid output (TAC 
= volume X acidity) are shown in Figs. 1-3. Spontaneou 
secretion (fasting and basal secretion) was measured it 
each patient, before both pentapeptide and insulin stimu 
lation. In patients with gastric ulcer there was no dif 
ference between the two secretions, but in patients witl 
duodenal ulcers acidity, and thus TAO, was observec 
to be significantly higher in the first secretion test in bot! 
fasting (+6** mEq/l, +1.5** mEq), and basal (+7* 
mEq/1, +0.3* mEq) components. 

Table 2 records the spontaneous secretions from the 
first test. Both volume and acidity were significantly 
higher with duodenal ulcer. There was no significan 
difference between the sexes. 
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TABLE 1. Sex and Age Distribution of Patients with Gastric Ulcers 


and Duodenal Ulcers. 





Men 





Gastric Ulcer 





mean age 53 yrs, (n = 14) §3 yrs. (n = 16) 
range 32-71 yrs. 36-83 yrs 
Duodenal Ulcer 
mean age 47 yrs. (n = 53) 51 yrs. (n = 14) 
range 19-70 yrs. 31-67 yrs. 
TABLE 2. Spontaneous Gastric Secretion in Patients with Gastric 


and Duodenal Ulcer 








Total Acid 
Amount Acidity Output 
ml/15 min mEq/1 mEq/15 min 
mean mean mean 
Fasting Secretion 
gastric ulcer 102 + 53 14 21 —0.1 +4 2.9 
duodenal ulcer 135 + 78 29 + 16 4.34 4.9 
duodenal-gastric 
ulcer 33* 28x 4, 4x 
Basal Secretion 
gastric ulcer 24 + 12 0 + 22 —0.1 4+ 1.0 
duodenal ulcer 36 + 15 38 + 22 1.5 4 1.3 
duodenal-gastric 
ulcer 12x 38e 1.67 





TABLE 3. Peak Acid Ouiput (PAO) after Pentapeptide and Insulin 
Stimulation in Patients with Gastric and Duodenal Ulcer 








PAOrsutis 
P A pentapeptide PAOtnoutin Tate crm NUT 
PAOpentapeptide 
Gastric Ulcer mEq/hr. mEq/hr. 
(n = 30) 16.54 11.1 9.3 + 10.0 0.56 
Duodenal Ulcer 
(n = 67) 38.7 + 12.2 27.1 4 12.8 0.70 
Duodenal-gastric 
Ulcer 22.2»«(5795)  17.8*(6692) 0. 14x 





— Peptavion Gyug/kg 
Mi. ---Insutin 0.2 .u/kg 


| 
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Fic, 1. Pentapeptide and insulin activated gastric secretion in pa- 
tients- with gastric and duodenal ulcers. Amount of gastric secre- 
tion. 


JENSEN, KRAGELUND AND AMDRUP 


700 


Ann. Surg. * Nov. 1972 


meg/l — Peptavion 6yg/kg 
-—- Insulin 0.2 Lu./kg 
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Fic. 2. Pentapeptide and insulin activated gastric secretion in 
patients with gastric and duodenal ulcers. Acidity. 

Maximal acid production is expressed as peak acid 
output (PAO)—the highest acid production in two 
consecutive 15-minute periods multiplied by two (mEq/ 
h). PAO in patients with gastric ulcers following both 
pentapeptide and insulin stimulation was significantly 
lower than in those with duodenal ulcers (p « 0.01). 
Table 3 shows that PAO insulin, seen in relationship to 
PAO pentapeptide, was proportionately lower with gas- 
tric ulcer. 

The principal difference observed following stimulation 
by the two methods in both patient groups was the im- 
mediate and marked increase in volume and acidity 
which followed pentapeptide administration (Figs. 1, 
2, 3). After insulin, with reference to basal secretion, 
there was an initial fall in acid secretion, followed by 
marked increase after 30 minutes delay. This initial fall 
in acidity was significant in both gastric and duodenal 
ulcers (p « 0.01), but volume fall was only significant 
in patients with duodenal ulcers (p « 0.01). Maximal 
secretion volume and acidity was reached 1 hour later 
after insulin than after pentapeptide. Within each ulcer 
group acid concentration (acidity) increased similarly 
(Fig. 2). but volume secretion (Fig. 1), and therefore 
TAO (Fig. 3), was significantly higher following penta- 
peptide stimulation (p « 0.001) in both groups. There 
was no significant difference between the sexes. 

The pattern following pentapeptide stimulation, and 


meg. —-Peptavion 6u9/kg 
10 —-Insulin 0.2 iu/kg 
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Fic. 3. Pentazeptide. and insulin activated gastric secretion in 
patients with gastric and duodenal ulcers. Total acid output. 
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the pattern following insulin stimulation was similar in 
each ulcer group, but both volume secretion and acidity 
reached significantly higher maximal levels in the duo- 
denal ulcer group, both absolute (p « 0.001) and as 
compared with spontaneous secretion levels (p < 0.01). 
There was no significant difference between the sexes. 
The stimulation of secretion was virtually ended within 
the observation period. 


Discussion 

Spontaneous secretion was significantly lower in pa- 
tients with gastric ulcers than in those with duodenal 
ulcers (p < 0.05). The study does not suggest that gastric 
emptying is slowed in patients with gastric ulcers. Fast- 
ing secretion volume was 24% less, and basal secretion 
volume 33% less, than in patients with duodenal ulcers. 
Basal secretion in patients with gastric ulcers was most 
frequently not acid, but this was seldom observed in 
those with duodenal ulcers. 

Parietal cell acid secretion response to pentapetide was 
immediate, but, following insulin, there was an initial 
inhibition of secretion in both ulcer groups which lasted 
approximately 30 minutes. Whether this results from a 
direct action on the cells, is mediated by vagal stimula- 
tion of the antrum,’ or reflects extragastric vagal stimula- 
tion,! cannot be determined from this study. Within each 
ulcer group acidity reached the same level after both 
pentapeptide and insulin, but volume secretion was 
higher after pentapeptide stimulation. 

Response to stimulus was weaker in patients with gas- 
tric ulcers, but the relative secretion response to insulin 
(compared with the pentapeptide response) was also 
weaker than in patients with duodenal ulcers (p « 0.05). 

In general, men produce more acid than women,* but 
this is not evident in the study in which women are under 
represented. 

Clinical Points. The demonstration that spontaneous 
secretion is less with gastric ulcer lends no support to 
the hypothesis that gastric ulceration follows antral 
stasis, and therefore isolated drainage procedures in treat- 
ment of gastric ulcer would seem to be illogical. 

Vagotomy in treatment of duodenal ulcer reduces both 
spontaneous and pentapeptide activated acid secretion, 
and eliminates insulin activated acid secretion. In recent 
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years vagotomy and drainage has also been proven in 
the treatment of gastric ulcer.2 While we have no per- 
sonal experience, it could be argued that the similar 
secretion patterns in patients with duodenal and gastric 
ulcers suggest that the same operation might be effective 
in both instances. A closer analysis refutes this conten- 
tion. Spontaneous acid secretion in gastric ulcer is often 
absent or sparse and the response to insulin stimulation 
is markedly less than in patients with duodenal ulcers, 
both in absolute terms and related to the pentapeptide 
response. Both considerations question the value of vagot- 
omy in treatment of gastric ulcer. 


Summary 


The gastric acid secretion response to pentapeptide and 
insulin stimulation was studied in 67 patients with duo- 
denal ulcers, and 30 patients with gastric ulcers. 

Spontaneous volume secretion was notably lower with 
gastric ulcer, and acid secretion was frequently nil. 

Maximal response following insulin in both groups 
was delayed for approximately 1 hour, and was preceded 
by a period of active inhibition of secretion extending 
Over approximately 30 minutes. Within each ulcer group, 
acidity reached a similar plane after both pentapeptide 
and insulin stimulation, but pentapeptide was the more 
potent stimulant of volume. 

Responses in patients with gastric ulcers were weaker, 
and insulin response related to pentapeptide response was 
proportionately less than in those with duodenal ulcers. 
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Qualitative and Quantitative Differences in the Response of the 
Stomach to Pentapeptide and Insulin Secretory Stimulation at 
2-3 Month Follow-up after Parietal Cell Mass Vagotomy 


HE DESIRED END of surgical treatment for patients with 
duodenal ulcers is to reduce gastric pepsin and acid 
secretion. The postcibal symptoms which too frequently 
follow both partial gastrectomy, and vagotomy and drain- 
age, have motivated the introduction of “highly selective 
vagotomy” ( HSV),* and “parictal cell vagotomy” (PCV)! 
in elective treatment of patients with non-stenosing duo- 
denal ulcers. These very similar procedures involve vagal 
denervation of the parietal cell mass, and specific preser- 
vation of the antral vagi. To the present time, postopera- 
tive follow-up studies have shown that ulcer symptoms 
are relieved, and that the incidence of postcibal symp- 
toms is very low.? Pre- and postoperative X-ray studies 
indicate that antrum motility and gastric emptying are 
virtually unchanged.* 
The following report is a study of spontaneous acid 
secretion, and pentapeptide and insulin stimulated secre- 
tion after PCV. 


Material and Method 


From January 1969 to January 1971, 52 patients with 
duodenal ulcers were treated by PCV. Secretion studies 
were made in 30 of these patients (seven women and 
23 men—average age was 51 years (22-70 years) ) pre- 
operatively and between 2 and 3 months postoperatively. 

The pentapeptide test (6 pg Peptavlon/Kg. s.c.) was 
performed first, followed by the insulin test (0.2 LU./Kg. 
i.v.) after an interval of few days. After an overnight 
fast, the patients underwent the tests in the laboratory the 
next morning. Gastric tubes were placed under X-ray 
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screening control as the patients lay supine, or slightly 
inclined to the left. Aspiration was performed by inter- 
mittent pump suction which was constantly supervised, 
and the aspirates were collected every 15 minutes. 

The first 15-minute aspirate is designated "fasting 
secretion", and the total of the next four ]5-minute as- 
pirates is designated “basal secretion". After pentapep- 
tide activation, six 15-minute aspirates were collected, 
and after insulin, there were nine 15-minute aspirate col- 
lections. Insulin test results, when blood sugar did not 
fall below 40 mg./100 ml., are not included. 

For each aspirate over the 15-minute periods, volume, 
pH and acidity (by titration to pH 3.5) were measured. 


Statistical Calculations 


The significant differences between the mean values are 
determined by division of the difference by the standard 
error of the difference. One, two or three stars (as ap- 
pended in the subsequent text and tables) represent the 
statistical significance (p) of. respectively, 0.05, 0.01 
and 0.001. Titrations were made to pH 3.5. Thus gastric 
acidity after PCV is frequently nil, and the Student t-test 
cannot be directly applied. Calculations were, therefore, 
made in accordance with the theory of the truncated 
normal distribution, in which a 0 value is taken as that 
negative which together with observed positive values 
will give a normal symmetrical distribution. In the com- 
parisons between two periods, and between pentapeptide 
and insulin tests, only differences are included where at 
least one of the observations was positive. 
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TABLE 1. Spontaneous Gastric Secretion in Patients with Duodenal 
Ulcer before and 2-3 Months after Parietal Cell Vagotomy. 

















: Total Acid 
Amount Acidity Output 
ml/15 min. mEq/1 mEq/15 min. 
mean mean mean 
Fasting Secretion . 
preoperative 123 + 64 27 X1 3.4 + 2.9 
postoperative 76 + 52 641 0.5 + 1.1 
postoperative— 
preoperative —47 + 716"  —21: 169*  —2.9 4 2. Te 
Basal Secretion . 
preoperative 35 + 15 37 + 22 14+ 1.1 
postoperative 2149 7+ 10 0.2 + 0.3 
postoperative— 
preoperative —14 + 16% —30 + 209  —1.2 + 1.1 
Results 


The reduction in spontaneous: secretion is shown in 
Tablé 1. The studies preceded both pentapeptide and 
insulin stimulation, and there are, therefore, two pre- 
operative and two postoperative spontaneous secretion 
studies. There were no significant differences in average 
values between the fasting secretion duplicates, but 
acidity of the first preoperative basal secretion was signifi- 
cantly higher than in the second (p < 0.01). Therefore 
the mean of the first preoperative spontaneous secretion 
test is used for comparison with the first postoperative 
test. 

Fasting secretion volume was réduced by 38%; acidity 
by 78%, and total acid output (TAO = volume x acid- 
ity) by 85%. The comparative figures for basal secretion 
were, respectively, 40%, 81%, and 86%, 


Pentapeptide and Insulin Stimulated Acid Secretion 
The averages of volume secretion, acidity and TAO 
for each 15-minute aspiration period are given in Figures 


MI. 
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Fic. 1. Pentapeptide and insulin stimulated gastric secretion be- 
— and 2-3 months after PCV in patients with duodenal ulcer. 
Volume. 
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Fic. 2. Pentapeptide and insulin stimulated gastric secretion be- 
fore and 2-3 months after PCV in patients with duodenal ulcer, 
Acidity. 


1, 2 and 3, The preoperative secretion curves do not 
differ from those recorded in a previous study of a large 
patient series.* The postoperative pentapeptide secretion 
pattern was similar to the preoperative pattern, but vol. 
ume was markedly reduced (15-30 minutes after stimula- 
tion preoperative secretion was 115 ml, but 67 ml, post- 
operatively—a 42% reduction (p « 0.001)), and the 
highest acidity fell from 92 mEq/1 (the preoperative 
finding) to 56 mEq/1—a reduction of 39% (p < 0.001). 
Maximal TAO (15—30 minutes after stimulation) con- 
sequently fell from 10.5 mEq to 3.9 mEq—a reduction of 
632 (p « 0.001). 

Preoperative insulin stimulation gave an initial inhibi- 
tion of secretion which lasted approximately 30 minutes. 
Acidity fell (p « 0.05), as did TAO (p « 0.05). There- 
after, significant increases (p « 0.001) occurred in vol- 
ume, acidity and TAO. Postoperatively volume increase 
was eliminated. There was an initial inhibition of gastric 
secretion (p < 0.001) lasting some 75 minutes. Volume 
secretion did not reach the basal secretion level within 


meg. — Peptavlon 6ug/kg ° 
n2 ---Insulin 0.2 i.u/kg 
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Fic. 3, Pentapeptide and insulin stimulated gastric secretion be- 
fore and 2-3 months after PCV in patients with duodenal ulcer. 
Total acid output. 
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the period of observation: Acid production was inhibited 
(p < 0.001) during the first 45 minutes, but thereafter 
increased slightly (p < 0.01). At 105 minutes after stimu- 
lation, however, acidity was only 13 mEq/1 compared 
with the preoperative figure after the same time of 90 
mEq/1—a reduction of 86% (p < 0.001). Initial reduc- 
tiori, postoperatively, in TAO lasted over 45 rhinutes (p 
< 0,05). Over the remainder of the observation period 
acid secretion again reached the spontaneous secretion 
level. 


Discussion 


Both volume and acid content of spontaneous secretion 
was markedly reduced, postoperatively, in all 30 pa- 
. tients. Only one patient had a fasting secretion volume 
over 200 ml, which argues that emptying of the undrained 
stomach was entirely satisfáctory. 

The parietal cell mass vagotomy reduced spontaneous 
-acid secretion by 85%, and the pentapeptide stimulated 
acid secretion by 60%. These results are similar to those 

: observed after truncal vagotomy,’ and selective gastric 
vagotomy.® Our technic of selective gastric vagotomy, 
and of PCV, involves ligation of the gastric arteries in 
the vicinity of the denervation dissection. That this is 
not done when truncal vagotomy is performed argues 
against the possibility that changes in the vascular supply 
to the stomach influence the reduction in gastric secre- 
tion. 

While the pattern, though not the degree, of response 
to pentapeptide stimulation is similar pre- arid post- 
operatively, after PCV, insulin’s stimulation of volume 
secretion is eliminated and acidity increase is markedly 
reduced and delayed, reflecting a prolonged inhibitory 
action of insulin. Hart? supposes that the antral vagi are 
significant in an antral acid inhibitory function, and the 
findings of our present study do not dispute this, but the 
same phenomena have been observed after selective gas- 
tric vagotomy (with pyloroplasty) in which we dener- 
vate the antrum.? It would thus rather seem that insulin 
induced inhibition should be explained in terms of a 
direct action on the cells, or an action relayed by an 
organ supplied by the extragastric vagi. We have no 
series of truncal vagotomy patients with which to com- 
pare, but the comparable observations in such patients 
could further clarify the situation. 

Acid secretion reduction after PCV is similar to that 
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observed after selective gastric vagotomy, and after trun- 
cal vagotomy. The 3-month follow-up studiés are fully 
satisfactory. Although it is recognized that complications 
may be manifested later, at present we find no con- 
traindicatiors to the use of parietal cell vagotomy. 


Summary 


Spontanecus gastric acid secretion, and pentapeptide 
and insulin stimulated secretion in 30 patients with duo- 
denal ulcers was studied before and after parietal cell 
vagotomy (PCV). 

Tlie pattern of response after pentapeptide Was quali- 
tatively uncaanged after operation: Maximal acid pro- 
duction occurred in the second 15-minute, period after 
stimulation and was reduced by 63% after operation. 

Before operation, a 30-minute period of secretion in- 
hibition followed insulin administration. This inhibitiori 
period was extended after operation. Volume secretion 
response was lost, and the increase in activity was 
markedly reduced and delayed. 
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“-Gram-négative hospital 


infections rise sharply'® 
Approximately two-thirds of today’s 
hospital-acquired infections are 
caused by gram-negative enteric 
bacteria. Staphylococci, once 
major offenders, now account for 
only about one-fourth of such 
infections.% 

In one comprehensive survey of 
eight hospitals, even higher figures 
were obtained. It was found that 
over 75 per cent.of the total 
pathogens were gram-negative 
organisms.? Escherichia coli, 
Proteus, and Pseudomonas were 
the invaders most commonly 
encountered. 


Some surgical patients 
present an added threat 

The elderly and the newborn, even 
though they are now considered 
fairly good risks for surgery, have 
an added vulnerability to infection 
due to their age-related lowered 
resistance. 















































WARNING 


Patients treated with GARAMYC 
Injectable should be under close 
clinical observation because of 
the potential toxicity associated 
with the use of this drug. 

Ototoxicity, both vestibular and 
auditory, can occur in patients, 
primarily those with pre-existing 
renal damage, treated with 
GARAMYCIN Injectable, usually 
for longer periods or with higher 
doses than recommended. 

GARAMYCIN Injectable is 
potentially nephrotoxic, and this 
should be kept in mind when it is 
used in patients with pre-existing 
renal impairment. 

Monitoring of renal and eighth 
nerve function is recommended 
during therapy of patients with 
known impairment of renal 
function. This testing is also 
recommended in patients with 
normal renal function at onset of 
therapy who develop evidence of 
nitrogen retention (increasing 
BUN, NPN, creatinine or oliguria) 
Evidence of ototoxicity requires 
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In suspected or documented gram-negative sepsis, GARAMYCIN Injectable may be T." : 
considered as initial therapy. The decision to continue therapy with this drug should be S nog 
based on the results of susceptibility tests, the severity of the infection, xó 
and the important concepts contained in the Warning Box. 





GARAMYCIN Injectable is effective against today's problem pathogens 


GARAMYCIN Injectable offers an almost indispensable antibacterial spectrum for today's gram-negative 
infections. It has a high probability of effectiveness against virtually all of the gram-negative pathogens 
implicated in serious surgical infections. 


Proven clinical efficacy ^'^^ 


GARAMYCIN Injectable has demonstrated outstanding results in serious gram-negative respiratory 
infections ...is strikingly effective in selected urinary tract infections ...may be lifesaving in septicemia 
...and often gives a dramatic response in wounds and burns complicated by sepsis. 


Although studies demonstrating the clinical effectiveness of GARAMYCIN 
Injectable were not conducted on postoperative patients, they are the types of 
situations the surgeon is likely to encounter. 


Relatively low incidence of adverse reactions 


The risk of toxic reactions is relatively low in patients with normal renal function 
who do not receive GARAMYCIN Injectable at higher doses or for longer 
periods of time than recommended. For patients with impaired renal function, 
see Package Insert for. full prescribing information. 












































Bacteria remain highly sensitive 


In a survey of published studies on resistance to gentamicin, Weinstein 
and co-workers? report little change in bacterial sensitivity since 
1963. The percentage of sensitive strains of virtually all gram-negative 
pathogens remains high. 
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discontinuance of the drug. 

In event of overdose or toxic 
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hemodialysis will aid in removal 
of gentamicin from the blood. 

Serum concentrations should be 
monitored when feasible and 
prolonged concentrations above 
12 mcg./ml. should be avoided. 
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drugs, particularly streptomycin, 
Yeomycin, kanamycin, 
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Wotoxicity. In addition, when 
idministered intravenously, 
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section which follows... 


in serious postoperative infections... 


get the 24-hour head start with 


Garamycin? Injectable 

brand of gentamicin sulfate U.S.P., injection, 40 mg./cc. 

Each cc. contains gentamicin sulfate equivalent to 40 mg. gentamicin 
For Parenteral Administration 


WARNING: Patients treated with GARAMYCIN Injectable should be 
under close clinical observation because of the potential toxicity 
associated with the use of this drug. 

Ototoxicity, both vestibular and auditory, can occur in patients, 
primarily those with pre-existing renal damage, treated with GARA- 
MYCIN Injectable, usually for longer periods or with higher doses 
than recommended. 

GARAMYCIN Injectable is potentially nephrotoxic, and this should 
be kept in mind when it is used in patients with pre-existing renal 
impairment. 

Monitoring of renal and eighth nerve function is recommended 
during therapy of patients with known impairment of renal function. 
This testing is also recommended in patients with normal renal func- 
tion at onset of therapy who develop evidence of nitrogen retention 
(increasing BUN, NPN, creatinine or oliguria). Evidence of ototoxicity 
requires dosage adjustments or discontinuance of the drug. 

In event of overdose or toxic reactions, peritoneal dialysis or 
hemodialysis will aid in removal of gentamicin from the blood. 

Serum concentrations should be monitored when feasible and 
prolonged concentrations above 12 mcg./ml. should be avoided. 

Concurrent use of other neurotoxic and/or nephrotoxic drugs, par- 
ticularly streptomycin, neomycin, kanamycin, cephaloridine, vio- 
mycin, polymyxin B, and polymyxin E (colistin), should be avoided. 

The concurrent use of gentamicin with potent diuretics should be 
avoided, since certain diuretics by themselves may cause toxicity. 
In addition, when administered intravenously, diuretics may cause 
a rise in gentamicin serum level and potentiate neurotoxicity. 
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established. 


INDICATIONS GARAMYCIN Injectable is indicated, with due regard for 
relative toxicity of antibiotics, in the treatment of serious infections 
caused by susceptible strains of the following microorganisms: 

Pseudomonas aeruginosa, Proteus species (indole-positive and indole- 
negative), Escherichia coli and Klebsiella-Enterobacter-Serratia species. 

Clinical studies have shown GARAMYCIN Injectable to be effective in 
septicemia and serious infections of the central nervous system (menin- 
gitis), urinary tract, respiratory tract, gastrointestinal tract, skin and 
soft tissue (including burns). 

Bacteriologic tests to determine the causative organisms and their sus- 
ceptibility to gentamicin should be performed. 

Bacterial resistance to gentamicin develops slowly in stepwise fashion; 
there have been no one-step mutations to high resistance. 

In suspected or documented gram-negative sepsis, GARAMYCIN may be 
considered as initial therapy. The decision to continue therapy with this 
drug should be based on the results of susceptibility tests, the severity of 
the infection, and the important additional concepts contained in tlie 
Warning Box. In the neonate with suspected sepsis or staphylococcal 
pneumonia, a penicillin type drug is usually indicated as concomitant 
antimicrobial therapy. 

GARAMYCIN Injectable has been shown to be effective in serious staph- 
ylococcal infections. It may be considered in those infections when peni- 
cillins or other less potentially toxic drugs are contraindicated and 
bacterial susceptibility testing and clinical judgment indicate its use. 


CONTRAINDIGATIONS A history of hypersensitivity to gentamicin is a 
contraindication to its use. 

WARNINGS See Warning Box. 

PRECAUTIONS Neuromuscular blockade and respiratory paralysis have 
been reported in the cat receiving high doses (40 mg./kg.) of gentamicin. 
The possibility of these phenomena occurring in man should be considered 
if gentamicin is administered to patients receiving neuromuscular block- 
ing agents such as succinylcholine and tubocurarine. 


Treatment with gentamicin may result in overgrowth of nonsusceptible 
organisms. If this occurs, appropriate therapy is indicated. 


ADVERSE REACTIONS 

Nephrotoxicity: Adverse renal effects, as demonstrated by rising BUN, 
NPN, serum creatinine and oliguria, have been reported. They occur more 
frequently in patients with a history of renal impairment treated with 
larger than recommended dosage. 


Neurotoxicity: Adverse effects on both vestibular and auditory branches 
of the eighth nerve have been reported in patients on high dosage and/or 
prolonged therapy. Symptoms include dizziness, vertigo, tinnitus, roaring 
in the ears and hearing loss. 

Numbness, skin tingling, muscle twitching, and convulsions have also 
been reported. 


Note: The risk of toxic reactions is low in patients with normal renal 
function who do not receive GARAMYCIN Injectable at higher doses or for 
longer periods of time than recommended. 

Other reported adverse reactions, possibly related to gentamicin, in- 
clude increased serum transaminase (SGOT, SGPT), increased serum bili- 
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salivation, lethargy and decreased appetite, weight 
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the usual dose is 60 mg. (1.5 cc.) three times daily. 

In patients with life-threatening infections, dosages up to 5 mg./kg./ 
day may be administered in three or four equal doses. This dosage should 
be reduced to 3 mg./kg./day as soon as clinically indicated. 

*In children and infants, the newborn, and patients with impaired renal 
function, dosage must be adjusted in accordance with instructions set 
forth in the Package Insert. 





For Intravenous Administration: 

The intravenous administration of GARAMYCIN Injectable is recom- 
mended in those circumstances when the intramuscular route is not feasi- 
ble (e.g., patients in shock, with hematologic disorders, with severe 
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For intravenous administration, in adults, a single dose of GARAMYCIN 
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a sterile solution of dextrose 5% in water; in infants and children, the 
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The recommended dose for intravenous administration is identical to 
that recommended for intramuscular use. 

GARAMYCIN Injectable should not be physically pre-mixed with other 
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recommended route of administration and dosage schedule. 
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Pentapeptide and Insulin Stimulated Gastric Acid Secretion in 
Patients with Gastric Ulcer before and after Precise Antrectomy 


E. KRAGELUND, E. AMDRUP, J. ANDREASSEN, H.-E. JENSEN 


HE conventional surgical treatment for gastric ulcers 
Ts partial gastric resection with gastroduodenal or 
gastrojejunal anastomosis, following which we have found 
a recurrence rate of 5% at 8-year follow-up." Vagotomy 
and drainage procedures usually entail a higher recur- 
rence rate.” The etiology of gastric ulcers is obscure, but 
the localization is virtually constant in the antrum, and 
this consideration has led us to remove “the entire antrum 
and nothing more” ( precise antrectomy )..! 

This study is an analysis of spontaneous gastric acid 
secretion, and secretion following pentapeptide and in- 
sulin stimulation, preoperatively and between 2 and 3 
months after precise antrectomy. 


Material and Method 

Twenty two patients with gastric ulcers were studied; 
they were allotted to one of three groups. Four patients 
appear in more than one group. 

Group 1 comprises 17 patients (seven women + ten 
men ), with histologically confirmed complete antrectomy, 
in whom secretion studies were made preoperatively, and 
2 to 3 months postoperatively. The majority (14 patients ) 
were aged over 50 years. 

The operative procedure, and identification of the 
antrum/corpus border, have been earlier described in 
detail. The antral limit was defined after pentapeptide 
stimulation by intragastric pH measurement or/and by 
swabbing the mucosa with Congo Red dye. One gastro- 
jejunal and 16 gastroduodenal anastomoses were per- 
formed. 


Histologic Studies 


The size of the removed specimens varied. The aver- 
age length of the lesser curvature was 10 cm. (7-13 cm. ), 
and of the greater curvature 16 cm. (12-22 cm.). All 
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ulcers lay on the lesser curve, generally 1-2 cm., but 
occasionally up to 5 cm. from the proximal resection 
line. Proximal lesser curve biopsies from the removed 
specimens showed fundus type mucosa. Nine detailed 
histologic studies were made of specimens. Six centimeter 
mucosal strips were taken from the greater and lesser 
curvatures, and from the anterior and posterior walls of 
the removed specimens (Fig. 1). The margin of corpus 
tissue above the antral limit was between 0.5-3 cm. on 
the lesser curve: 2-6 cm. on the greater curve, and 3-5 
cm. on the anterior and posterior walls. Histologic distal 
edge biopsies showed normal duodenal mucosa. 

Pre- and postoperatively, the pentapeptide test ( Pep- 
tavlon 6 pg/Kg. s.c.) was performed first followed by 
the insulin test (0.2 LLU./ Kg. i.v.) after an interval of a 
few days. Patients underwent the tests, after an over- 
night fast, in the laboratory the next morning. Gastric 
tubes were placed under X-ray screening control as the 
patients lay supine, or slightly inclined to the left. As- 
piration was performed by intermittent pump suction 
which was constantly supervised, and the aspirates were 
collected every 15 minutes. 

The first. 15-minute aspirate is designated "fasting" 
secretion", and the total of the next four 15-minute 
aspirates is designated "basal secretion", After penta- 
peptide activation, six 15-minute aspirates were collected, 
and after insulin, nine 15-minute aspirates were col- 
lected. Insulin test results, when blood sugar did not 
fall below 40 mg./100 ml, are not included. 

For each aspirate over the 15-minute periods, volume, 
pH and acidity (by titration to pH 3.5) were measured. 

Group II comprises four patients in whom acid secre- 
tion was pentapeptide stimulated peroperatively both 
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Fic. 1, Antrum specimen. Strips of mucosa are removed for histo- 
logical study. 


before and on completion of antrectomy. pH measure- 
ments were made of the corpus mucosa as described 
by Grassi,’ who used the test as a measure of the com- 
pleteness of vagotomy. A 6 cm, gastrotomy is made 
along the greater curvature and the corpus mucosa pH 
is measured with a glass electrode about 10-15 min- 
utes after pentapeptide stimulation. After the mucosa 
is swabbed with Congo Red it becomes black. After 
antrectomy the gastric remnant is washed out with 
saline until pH rises to 6-7, and the Congo Red remains 
red overall. Pentapeptide is again given, and 10-15 
minutes later pH is measured and the mucosa is again 
swabbed with Congo Red. (Three patients appear also 
in Group III). 

Group III comprises five patients. Secretion studies 
were made, as usual, preoperatively, but the first. post- 
operative studies were made after 1 week. (One patient 
appears also in Group I, and three in Group II). 

















TABLE 1. Spontaneous Gastric Acid Secretion before and after 
Precise Antrectomy in Patients with Gastric Ulcer. (Group I) 
Total Acid 
Amount Acidity Output 
ml/15 min. mEq/1 mEq/15 min. 
mean mean mean 
Fasting Secretion 
preoperative 81 + 38 TES 0.5 0.7 
postoperative 55 + 39 143 0.1 + 0.5 
postop.-preop. —26 + 61 —10* —0.7* 
(n = 10) (n = 10) 
Basal Secretion 
preoperative 22 + 10 34 3 0.12: 0.1 
postoperative 17 2-9 142 0.0 + 0.1 
postop-preop. —5 + 12 —4 —0.1* 
(n = 8) (n = 9) 
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Statistical Calculations 


The significant differences between the mean values 
are determined by division of the difference by the 
standard error of the difference. One, two or three 
stars (as appended in the subsequent text and tables) 
represent the statistical significance (p) of, respectively, 
0.05, 0.01 and 0.001. The titration to pH 3.5 gave many 
0 values and therefore many of the means and standard 
deviations are qualified (shown in brackets in the 
tables). The significant differences were determined 
by reference to the number of positive differences and 
the number of negative differences from 0. In the com- 
parisons between two periods, and between pentapep- 
tide and insulin tests, only differences are included 
in which at least one of the observations was positive. 


Results 


Pre- and postoperative spontaneous secretion of pa- 
tients in Group I is shown in Table 1. Both pre- and 
postoperatively, duplicate tests were made, and there 
was no significant difference in volume or total acid 
output (TAO = volume x acidity) between the 
duplicates. 

Postoperative fasting secretion volume was reduced 
by 32%; acidity by 86%, and TAO by 80%. Basal secretion 
volume was reduced by 23% and acidity by 80%. 

Immediate and significant volume increase (p < 
0.001) followed pentapeptide administration both pre- 
and postoperatively, but relatively the postoperative 
volume secretion was much reduced—by 53% in the 
second 15-minute period after stimulation (p < 0.001) 
(Fig. 2). Duration of stimulation was also less post- 
operatively as evidenced by the fact that within the 
observation period, the volume of aspirate fell to spon- 
taneous secretion levels (p « 0.001). The preoperative 
significant increase in acidity (p « 0.001) fell markedly 
after antrectomy—74% as judged from the highest 
acidity levels (p < 0.001) (Fig. 3). The respective fall 
in TAO was 85% (p < 0.001) (Fig. 4). 

Secretion response to insulin stimulation was delayed 
for approximately 30 minutes both pre- and post- 
operatively. Then, preoperatively, significant increases 
in both volume and acidity occurred (p « 0.001). This 
volume increase was significantly less than that observed 
after pentapeptide stimulation (p < 0.001), but the 
levels of acidity were similar. Following precise an- 
trectomy, the insulin's effect on volume of secretion 
was lost, and no significant effect on acidity was ob- 
served. Thus maximal postoperative acidity was reduced 
by 86% (p < 0.001), and TAO was reduced by 95% 
(p < 0.001). 

Table 2 shows the results of the peroperative study 
of the four patients in Group II. Pentapeptide stimu- 
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Fic. 2. Pentapeptide and insulin stimulated gastric secretion in 17 
patients with gastric ulcer before and 2-3 months after precise 
antrectomy. Volume. 


lation of acid secretion was virtually eliminated by 
antrectomy at the time of the test. 

Results of tests in the five patients of Group IMI, in 
which the first postoperative studies were made after 
l week, appear in Table 3, expressed as peak acid 
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Fic. 3. Pentapeptide and insulin stimulated gastric secretion in 17 
patients with gastric ulcer before and 2-3 months after precise 
antrectomy. Acidity. 
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output (PAO = maximal acid production in two con- 
secutive 15-minute periods multiplied by 2-mEq/h). 
Insulin acid secretion was eliminated in four patients, 
and secretion following pentapeptide was much reduced. 

Table 4 evaluates the insulin tests in Group I patients 


—— Peptavion 8 jg./kg. 
---- Insulin 0.2 iu./kg. 
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Fic. 4 Pentapeptide and insulin stimulated gastric secretion in 17 
patients with gastric ulcer before and 2-3 months after precise 
antrectomy. Total acid output. 
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TABLE 2. Peroperative Stimulation with Pentapeptide before and after 
Antrectomy in Patients with Gastric Ulcer. (Group IT). 





Before Antrectomy After Antrectomy 





Colour of Cor- Colour of Cor- 





pus Mucosa pus Mucosa 
after Swabbing after Swabbing 

pH of Corpus with Congo pH of Corpus with Congo 
Mucosa Red. Mucosa Red. 
Pt. no. 1. 2 black 6-7 red 
2. — black — red 
32 black 5-6 red 
4, 2.5 black 4-5 red 





after Hollanders criteria,’ and after the multiple cri- 
teria described by Bank et al?. One of the 17 patients 
had a negative preoperative insulin test and three pa- 
tients continued to have positive tests after operation. 
Using the multiple criteria evaluation, only one patient 
met four criteria, and one, three. 


Discussion 


The antrum, identified as described, is often larger 
with gastric ulcer than its usual anatomical description. 


TABLE 3. Peak Acid Output (PAO) and Hollander? Evaluation 
before and One Week after Antrectomy in Patients with Gastric 
Ulcer. (Group ITI). 








PAO 
Pentapeptide Insulin Hollander 
Pt. no.  preop. postop. preop. postop. preop. postop. 
I 12.0 0 11.4 0 Tve —ve 
II 12.0 2.6 0.6 0 — ve —ve 
1 15.2 0 17.6 0 ve —ve 
2 9.4 0.4 6.2 0 ve —ve 
4 18.4 3.6 14.8 2.0 -ve —ve 





Thus, if the limits are not defined in someway, it can 
be expected that antrum resection will often be in- 
complete. The clinical significance is obscure, and this 
study does not provide any further clarification. 

It is clear, however, that resection of the whole of 
the non-acid producing section of the stomach plus a 
small amount of acid producing tissue, markedly re- 


TABLE 4. Pre-and Postoperative Insulin Tests Evaluated after 
Hollander’ and Multiple Criteria? in Patients with Gastric 
Ulcer Treated by Precise Antrectomy. (Group I). 








Hollander multiple criteria 
Number of patients +ve —ve 01 H WIV V 
Preop. 16 1 010 3 121 
(16 early) 
Postop. 3 14 7 71 1 1 0 
(2 early) 
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duces acid secretion following pentapeptide stimulation, 
and is virtually eliminated after insulin. 

It does not seem reasonable to account for these re- 
ductions by reference to the small strip of acid pro- 
ducing tissue which is coincidentally removed. 

After Hollanders; and Bank et al/s criteria? the 
effect of precise antrectomy on the insulin test is equiva- 
lent to that seen after selective gastric vagotomy, and 
parietal cell vagotomy.” As earlier described, the an- 
trectomy technic used was particularly designed to avoid 
damaging the lesser omentum above the resection line. 
It is, therefore, unlikely that any accidental parietal 
cell vagotomy contributes to postoperative reduction in 
insulin stimulated acid secretion. This point becomes 
more valid when the difficulty in achieving total vagot- 
omy, even at planned operation, is considered. 

Broomé and Olbe ? found approximately 507 reduction 
in histamine stimulated acid secretion fóllowing an- 
trectomy in treatment of duodenal ulcer. Thev explained 
part of this in terms of "loss of parietal cells owing to 
the resection", and *loss of gastric juice following gastro- 
duodenostomy". Additionally they postulate "antrectomy 
induced parietal cell dysfunction or atrophy". In our 
study of patients with gastric ulcer, both, peropera- 
tively (Group II) under conditions of no possible change 
in emptying characteristics, with duodenal regurgitation 
impossible, and 1 week postoperatively (Group MI), 
we observed marked reductions in acid secretion. Parietal 
cell atrophy cannot explain these rapid changes. It would 
seem rather that the antrum is of considerable signif- 
icance in parietal cell response to both insulin and 
pentapeptide stimulation, at least in patients with gastric 
ulcer. 

The reduction in secretion following antrectomy is 
greater in gastric ulcers than in duodenal ulcers. It is not 
apparent whether this reflects difference in the respective 
parietal cell masses, but patients with gastric ulcers have 
in general à larger antrum, and thus a smaller corpus 
than patients with duodenal ulcers. This could be an 
alternative explanation. 


Summary 


Spontaneous gastric secretion, and secretion following 
pentapeptide and insulin stimulation, was studied in 17 
patients with gastric ulcers preoperatively, and between 
2 and 3 months after precise antrectomy. 

Postoperative studies were made in five patients after 
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1 week. Peroperative pentapeptide studies were made 
before, and immediately after, the precise antrectomy in 
four patients. 

Spontaneous and pentapeptide stimulated acid secre- 
tion fell, postantrectomy, by approximately 85%. This was 
observed at the 2- to 3-month postoperative studies, but 
also after 1 week in an additional five patients; peropera- 
tive pH studies showed virtual elimination of pentapep- 
tide stimulated acid secretion immediately after antrec- 
tomy. 

In practical terms, antrectomy eliminated the gastric 
acid secretion response to insulin stimulation. In gastric 
ulcer patients, the antrum would seem to be of con- 
siderable significance in the parietal cell response to both 
insulin and pentapeptide stimulation. 
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Use of a Dye-Dilution Technic to Demonstrate Biliary Calculi 
in the Operative Cholangiogram 


KYUNG B. HUR,* M.D., YANG O. PARK,* M.D., ROBERTA G. RICE, M.D., 


PERATIVE CHOLANGIOGRAM is well recognized as an 
O adjunct in the treatment of calcareous biliary dis- 
ease.”® Because of unsatisfactory visualization of the 
biliary tract and the additional operating time required 
by this procedure, some surgeons question the routine 
use of cholangiography at the time of biliary surgery 2^ 

Ashmore and associates in 1956 ! recognized that the 
usual dye injection technic sometimes failed to demon- 
strate small calculi. In animal experiments they used 
diluted dye solutions to visualize small biliary stones. 
Radiolucent calculi in the biliary tract, particularly in the 
dilated common bile duct, may be overlooked in the usual 
method of operative cholangiography. In fact, the pres- 
ence of residual common or hepatic duct calculi, which 
were not visualized in the operative cholangiogram, has 
been one of the most frequent causes for repeated biliary 
exploration in Korea which has a higher incidence of 
biliary calculi in the ductal system than in the gall. 
bladder.5 i 

Most patients seek medical assistance only after re- 
peated attacks of pain and jaundice secondary to biliary 
calculi.” Their common bile ducts are usually dilated to a 
diameter of 2 cm. or more with a concomitant dilation of 
the hepatic ducts. Moreover, while the routine operative 
cholangiogram requires 4-10 cc. of the radiopaque dye, 
usually more than 36 cc. of the dye is required to fill these 
dilated ducts. The density of the volume of dye is suf- 
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ficient to prevent the demonstration of any biliary calculi 
present. 

Apparently there is a relationship between the volume 
and concentration of the dye on one hand, and complete 
and satisfactory visualization of all biliary calculi, on 
the other. 

This paper reports the experience with use of a dve- 
dilution technic for operative cholangiograms. 


Methods and Material 


Gray ? states that the normal common bile duct is 7.5 
cm. long and has the diameter of a “goose quill”. The 
common hepatic duct is about 4 cm. in length. Although 
there is disagreement as to the normal diargeter of the 
common bile duct, Leichtling and associates? in 1959 
stated that the critical diameter of 1 cm. could be ac- 
cepted as normal. If the hepatic ducts and common duct 
are regarded as cylinders, the combined normal volume 
then would be 9.0'cc. As a result of the obstruction of 
the common bile duct, the hepatic. duct dilates and its 
volume rapidly increases as the square of the radius of 
the cylinder. Therefore, a common bile duct dilated to 
2 cm. and the associated dilated common hepatic ducts. 
have a calculated volume of 36 cc. An equal amount of 
radiopaque solution is needed to fill this dilated biliary 
ductal system. However, that large a volume of dye in- 
jected into the biliary system produces a thick, radi- 
opaque area in which calculi are completely obscured 
and overshadowed. 

A series of dye dilutions was therefore made and the 
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Fic. 1. Operative chol- 
angiogram after injection 
of 10 cc. of 50% Hypaque. 
A common bile duct stone 
is seen, but the hepatic 
ducts are not well visual- 
ized. 





radiolucency of the calculi, as well as the radiopacity of 
the biliary tract was measured using a Fuji Densitometer, 
Model V with its standard set at 20 watts. This film 
illuminator is made by the Elzee Metal Products Com- 
pany of Brooklyn, New York. 

A 25% solution of the dye in a total volume of 9.0 cc. 
(the volume of a 1 cm. wide common duct) gave the best 
contrast between the calculi radiolucency and the ductal 
radiopacity. The weight of dye injected was 2.25 Gm. 
The following equations were used to determine the 
weight of dye needed to maintain a constant dye density 
as the diameter and the length of the common and 
hepatic ducts increased. 


D = diameter of duct L = length of duct 
11.5 em. = length of the normal common bile duct and 
common hepatic duct. 


Fic. 2. Operative chol- 
angiogram after the in- 
jection of an additional 
30 cc. of 50% Hypaque. 
The hepatic ducts are 
well visualized but the 
common bile duct stone 
is no longer seen. 
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1.0 em. — diameter of the normal common bile duet. 
The weight of the dye required (in grams) 
D L 
= 225 X — X = 
1.0 X ti 


Equation II gives the ductal volume. (3.14 is the con- 
stant, pi.) 


Ductal volume = L X (D) xX 3.14 


Equation ITT gives the percentage of dye solution which 
will contain the number of grams calculated in Equation I. 
BDV = Bile Duct Volume 


The percentage of the dye solution 


9 95 


= 2.25 X x 





This may be simplified: 
First simplification 


DXL . . 100 
13 X 11.5 DV 
Lx D x 3.14 





% = 2.25 X 


Second simplification 





2.25 


J4 XxX 100 is constant 


(the diameter) 


Equation I gives the weight of the dye needed to main- 
tain a constant dye density as the ductal diameter and 
length were changed. 

Through the equations, it may be evident that the per- 
centage of dye-dilution is not affected by changes of 
ductal length or volume, but is directly related to 
changes in the ductal diameter. 

Taking care that no air bubbles are introduced into 
the biliary system, a polyethylene tube (or small cath- 
eter) is placed into the common bile duct, usually via 
the cystic duct. Another method of injecting the diluted 
dye is by placing a needle directly into the common duct. 
Prior to the injection as much bile as possible is aspirated 
from the distended duct. Over a 5-second period the 
diluted dye is injected, this being the same as the esti- 
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Fic. 3. Findings are 
similar to those in Fig- 
ure 1. 





mated volume of the common bile duct plus the common 
hepatic duct, and the first film taken. 

Immediately after the first exposure a second injection, 
equal in volume to the first, is carefully injected under 
manometric control. Particular care is taken during the 
second injection, that the manometric pressure within 
the biliary tract does not rise above 30 cm. of water. If 
this seems imminent the injection is stopped. 


Results 


In 16 of the 49 patients having operative cholangio- 
graphy the usual method was used, but in the remaining 
33 patients the dye-dilution technic was used. 

The following two cases were taken from the first 16 
to demonstrate the problem of contrast between the 
radiolucency of the stones and the radiopacity of the 
dye. 


Fic. 4. Findings are 
similar to those in Fig- 
ure 2. 
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Fic. 5. Operative chol- 
angiogram after the in- 
jection of 80 cc. of an 
8.3% Hypaque solution. 
There is satisfactory con- 
trast between the radio- 
opacity. 





Case Reports 


Case 1. (T.S.C.-4696) A 45-year-old man was operated on 
April 18, 1966 because of repeated attacks of right upper quadrant 
pain and jaundice. After 10 cc. of 50% Hypaque? had been in- 
jected into the biliary tract the roentgenogram showed a radio- 
lucent shadow in the midportion of the common bile duct. The intra- 
hepatic ducts were not visualized (Fig. 1). To demonstrate the 
intrahepatic biliary system an additional 30 cc. of undiluted 
Hypaque was injected (Fig. 2). There was a complete disap- 
pearance of the radiolucent shadow noted in Figure 1. 

Case 2. (L.C.C.-99978) A 57-year-old man was operated on 
September 13, 1966 because of complaints similar to those of the 
first patient. In the cholangiogram made after injection of 10 cc. 





* Hypaque 50%, Winthrop Laboratories, New York, N.Y., 
Sodium Diatrizoate, USP. 


Fic. 6. Similar to Figure 
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Fic. 7. Cholangiogram 
demonstrating multiple 
hepatic duct stones. 





f 50% Hypaque hazy radio-lucent shadows appeared in the com- 
non hepatic duct, and there was a large stone shadow in the 
listal common duct (Fig. 3). As in Case 1, the intra-hepatic 
lucts were not well filled. 

After injection of 40 cc. of 50% Hypaque, while the intrahepatic 
lucts were still well-visualized, the radiolucent shadows noted 
ibove obliterated themselves except for a faint shadow in the 
'ommon duct distally ( Fig. 4). Three stones of different sizes were 


emoved. 


In the preliminary group of 16 patients, the difference 
n density between the radiolucency of the stone and the 
'adiopacity of the duct was usually minimal, but there 
vas a marked density difference between the duct and 
he darkest area of soft tissue shadow. Because dilution 
of the dye to a concentration below that equal to the 
standard of 2.25 Gm. of dye for a 1 cm. wide common 
vile duct produced unsatisfactory density differences— 


d 





Fic. 8. Sketch of the 
cholangiogram in Figure 
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Fic. 9. Cholangiogram 
using dye dilution tech- 
nique clearly demon- 
strates biliary stones. 


and it is impossible to distinguish ductal shadows from 
those due to surrounding tissue or bone, the standard 
concentration of dye for a 1 cm. wide duct was set at 25%, 
A dye-dilution ratio was then used to vary the amount 
of concentration of the Hypaque according to changes 
in the width of the common bile duct. The concentration 
of the dye was calculated by Equation III using the 
variable factor of [D/ (D/2)*]. 

The four following cases illustrate the used of the dye- 
dilution technic. 


Case 3. (H.S.L.-18284) A 47-year-old man was operated on 
November 13, 1967 following recurrent attacks of right upper 
quadrant pain and jaundice. Three months previously, at the 
time of exploration elsewhere, the common bile duct was not 
opened. 

At the second operation the common bile duct was found to 
be 3 cm. in diameter. Using the dye-dilution ratio described above 


Fic. 10. Cholangiogram 
using a more concen- 
trated dye solution fails 
to clearly demonstrate 
stones. 
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an operative cholangiogram was performed using 80 cc. of an 
8.3% Hypaque solution. (Fig. 5). Three large stones were clearly 
visualized in the common bile duct, but the presence of multiple 
small stones in the intrahepatic ducts blocked the ingress of dye 
beyond the main right and left hepatic duts. Because it was not 
possible to remove all the intra-hepatic stones, a Roux-Y chole- 
docho-jejunostomy was done. 

Case 4. (H.Y.A.-145849) A 48-year-old woman underwent 
Roux-Y choledocho-jejunostomy on March 6, 1967 following a 
30-year history of recurrent right upper quadrant pain and jaun- 
dice, The diameter of the common bile duct was 2.6 cm. Cholangio- 
grams were carried out using 60 cc. of a 9.5 Hypaque solution 
(Figure 6). The common duct contained two large stones. There 
were numerous small stones in the right intrahepatic duct, and a 
few in the left hepatic duct. 

Case 5. ( H.K.L.-150490) A 21-year-old man was operated on 
April 7, 1967 for recurrent right upper quadrant pain. Four years 
previously he underwent cholecystectomy elsewhere. He was said 
to have no stones in the gallbladder or in the common bile duct 
at that time, but he had not had an operative cholangiogram. At 
the time of the second exploration the common bile duct was found 
to be dilated to 1.5 cm., 20 cc. of 167 Hypaque solution was 
injected (Fig. 7). The cholangiogram demonstrated a stenosis 
between the hepatic and the right and left hepatic ducts. Many 
intrahepatic stones were present above the stenotic area (Fig. 8). 
Following a Roux-Y hepatico-jejunostomy the patient was symptom 
free. At present he is serving his military duty. 

Case 6. (S.].Y.-197620) A 28-year-old woman was operated on 
March 11, 1968 because of symptoms of biliary tract disease. Her 
common bile duct was 2.6 cm. in diameter. Figures 9 and 10 
demonstrate the results of variation in the concentration of the 
dye and the effect of variation in visualizing radiolucencies in the 
biliary tract system. After injection of 60 cc. of 9.5% Hypaque, 
two large radiolucencies were well outlined, but the left hepatic 
duct was not visualized (Fig. 9). After 60 cc. of 30% Hypaque 
was injected the silhouette of the stone and its shape was not 
clear nor was the left hepatic duct visualized (Fig. 10). Two stones 
were removed from the common bile duct, and after the ductal in- 
cision was extended toward the hepatic capsule, a stone blocking 
the hepatic duct was removed. Figure 11 shows the contents of 
the biliary three—spherical and cylindrical stones from the com- 
mon duct, crushed hepatic stones, and segments of dead ascaris 
removed from the left hepatic duct. 


Discussion 


Visualization of most biliary calculi is dependent upon 
the concentration of the injec ted dye. 

Ashmore et al^ in 1956 demonstrated that 6-8 mm. 
stones in common bile duct could be easily seen, but 
the stones less than 5 mm. were obscured unless the 
dye was diluted. They stated that the critical factor was 


Fic. 11. Photograph of 


the biliary tract contents Vy. Se 


demonstrated in Figure 
9, plus the contents distal 
3 4A iboR, = 
199k 20 


to the stenotic area in the 
left hepatic duct. 
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TABLE 1. Dye-dilution Technic 
Percentage Solution Component 
Diameter of Calculated of Volume 
Bile Duct Volume Solution 50% Hypaque Saline 
1.0 9.0cc 25% 4.5cc 4. Sec 
1.1 10.8 22.8 4.9 5.9 
1.2 12.9 20.7 5,3 7.6 
1.3 15:1 19.2 5.8 9.3 
1.4 17.6 18.7 6.5 11.1 
1.5 20.2 16.6 6.7 13.5 
1.6 23,1 15.5 1.1 16.0 
1.7 26.0 14.6 7.59 18.5 
1.8 29.2 13.8 8.0 21.2 
1.9 32.4 13.1 8.5 23.9 
2.0 36.1 12.4 8.9 27.2 
2.2 3.69 11.3 9.87 33.8 
2.4 51.99 10.4 10.7 41.2 
2.6 61.0 9.5 11.59 49.5 
2.8 70.7 8.8 12.44 58.3 
3.0 81.24 8.3 13.48 67.8 





the ratio of the diameter of stone to that of the common 
bile duct. 

This study demonstrates that, in addition to the above 
diameter ratio two other factors determine the quality of 
the operative cholangiogram. The first factor is the actual 
volume of the injected dye and the second, the concen- 
tration of the dye injected. 

Our operating cholangiogram has been primarily im- 
proved by use of a densitometer to give objective mea- 
surements of density differences. The use of a dye-dilu- 
tion ratio and volume as stated in Table 1 has improved 
the density contrasts so that ductal stones and ascaris 
can now be more easily demonstrated. 

Although Table 1 is a general guide, for each of the 
following special conditions there must be an adjust- 
ment in the volume of dye injected. 

]. When the diameter of the common bile duct is 2.2 
cm. the calculated volume is 43 cc. In one such patient, 
50 cc. of bile was aspirated which showed a higher actual 
volume. The cc. probably came front the dilated 
intrahepatic ducts. 

2. When there is a shortening of the common bile 
duct due to inflammation, for example, the volume of 
the dye must be reduced. 

3. Large calculi displace a correspondingly large vol- 
ume of dye needed for injection. 

4. Leakage of dye into the duodenum causes an in- 
crease in volume of dye needed. 

Because the above four factors affect the volume of 
dye needed to fill the biliary tree, it is recommended that 
two roentgenograms be utilized. In the first, the volume 
of dye is injected according to Table 1. This fills the 
extra-hepatic ducts. Then a second exposure is made after 
injection of an equal volume of the diluted dye to 
visualize the intrahepatic ducts. To avoid over-distention 
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of the biliary ductal system the special precautions de- 
scribed above should be taken. 


Summary 


A dye-dilution technic for clearer delineation of the 
biliary tree and its contents by cholangiography is pre- 
sented. A dilated common bile duct may be associated 
with dilation of the hepatic ducts and a marked increase 
in the capacity of the biliary ductal system. The usual 
and standard amount of dye injected into such an ex- 
panded system is inadequate to fill the whole tract. 

However, increasing the volume of dye injected results 
in an unsatisfactory visualization of the biliary calculi 
because of the dye ratioopacity. 

To allow an adequate volume of dye solution to be 
injected, and concomitantly prevent loss of shadow de- 
tails due to a high density of the dye, the dye was diluted 
by a factor related to the diameter of the common duct 
(Table 1). Illustrative cases are pictured. The actual 
volume of solution injected is being studied. Further in- 
vestigations are being carried out on factors affecting the 
success of operative cholangiography. 
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Mediastinal Enteric Sequestration with Aberrant Pancreas: 


A Formes Frustes of the Intralobar Sequestration 


ETEROTOPIC PANCREAS in the peritoneal cavity is not 
H uncommon. However, the presence of aberrant pan- 
creatic tissue in the thorax is exceedingly rare. A review 
of the literature has disclosed only five previously re- 
ported cases,!-*5 of which three were teratomas and two 
bore similarities to the present case. In addition, the pres- 
ent case is unprecedented in that a fistula was found to 
connect the ectopic pancreatic mass with the esophagus. 
We believe that this unique occurrence not only sheds 
light upon the origin of heterotopic pancreas; but also 
that it is a formes frustes of the intralobar broncho- 
pulmonary sequestration, the embryogenesis of which 
has been much disputed. 


Case Report 


K.B. This 2-year-old girl was first seen by us shortly after 
birth as the full-term product of an uneventful pregnancy and 
uncomplicated delivery. She had the following congenital anom- 
alies: anal agenesis with a rectovaginal fistula, malformation of 
the lumbar vertebrae with fusion of L3 and L4, a double ureter 
of the left kidney, and a foregut malformation of the lower 
mediastinum which was believed to be a bronchopulmonary se- 
questration (Fig. 1}. A transverse colostomy was performed in 
the neonatal period, and perineal anoplasty followed by colos- 
tomy closure were successfully accomplished 2 years later. Barium 
swallow X-ray revealed the mediastinal mass to be connected 
by a fistulous tract to the esophagus (Fig. 2). An aortogram 
showed that its arterial supply arose from two anomalous branches 
of the aorta, one at the level of the diaphragm and one just below 
the level of the diaphragm. 

At the age of 2945 she was admitted for a resection of the mal- 
formation. She was a thriving child who was developmentally 
normal. The function of her perineal anoplasty was good, and 
there had been no history of pneumonitis or aspiration. Vital signs 
were normal and the positive findings on physical examination were 
limited to a soft svstolic murmur along the left sternal border 
(which was believed to be functional) and the well-healed scars 
of her previous operations. 
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At the time of thoracotomy the chest was entered through a 
rib-retracing incision in the left sixth intercostal space, and ex- 
ploration of the mediastinum revealed that the mass was 8 cm. 
in diameter and formed the anterior wall of the esophagus and 
proximal stomach. Thus, it was necessary to open the hiatus 
and to deliver the stomach partially into the chest to complete 
exposure of the mass. The arterial supply was found to arise at 
and below the level of the diaphragm. Excision of the mass re- 
quired partial esophagogastrectomy, and the defect in the anterior 
wall of the esophagus and stomach was closed in two layers. 

The patient did well postoperatively and the procedure was 
complicated only by the development of a stenosis at the site 
of the esophageal closure which responded well to dilatations in 
the outpatient department. Pathologic finding revealed that the 
mass consisted of ectopic pancreatic tissue and pancreatic duct 
entering the stomach. There also was evidence of chronic pan- 
creatitis and abscess formation. 


Discussion 


Pulmonary sequestration is a rare congenit&l malforma- 


tion of abnormal lung or heterotopic tissue which lacks 


communication with the tracheo-bronchial tree or pul- 
monary artery. "Intralobar" pulmonary sequestrations are 
enveloped within the lower lobe of the normal lung and 
receive their arterial supply directly from the aorta. The 
"extralobar" pulmonary sequestration is similar in its 
pathologic changes and blood supply but it is separate 
from the normal lung. There have been several theories 
proposed to account for the embryogenesis of these 
anomalies. 

At the end of the nineteenth century they were believed 
to arise from an abnormal fractionation of the pulmonary 
parenchyma by the developing pleural folds, but this 
theory did not account for the systemic arterial blood 
supply. An attempt to account for this anomalous artery 
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Fic. 1. Thoracic roentgenogram shows the mass in the mediastinum. 


was made by Cockayne and Gladstone * who proposed 
that the sequestration "attracted" its own blood supply 
as it became detached from the primitive lung bud. 
Another attempt to account for the anomalous vessel was 
made by Pryce,'^ who postulated that the aberrant artery 
itself was the primary anomaly, and that this vessel 
pinched off the sequestration by its own growth. None 
of these theories has received wide acceptance. 

Another view of these anomalies has been that they 
arise as supernumerary anlage from the embryonic fore- 
gut carrying their own systemic blood supply. This 
P pothesis was first proposed by Eppinger and Schauer- 
stein in 1902," who suggested that the tissue migrated 
caudad with the lung. This hypothesis was modified by 

Halasz, Lindskog and Liebow,* who proposed that the 
supernumerary anlage was not at the normal level of the 
lung bud but arose from a second, more caudad, diver- 
ticulum of the foregut. These authors supported their 
theory by the presentation of four cases of intrapul- 
monary sequestrations associated with esophagobronchial 
fistulae and of five cases of extrapulmonary sequestrations 
with esophageal fistulae. These fistulae arose primarily 
from the infradiaphragmatic or distal esophagus and in 
one case from the stomach. In addition, they cited three 
cases as formes frustes or forerunners of the mature 
M imu two of which contained heterotopic pan- 
creas. Baker and D'Abreau? had reported a 6-year-old 
girl i recurrent pneumonia who had an epiphrenic 
esophageal diverticulum attached to the left lower lobe, 
containing pancreatic tissue and supplied by the ab- 
The case reported by Beskin,* 
scribed as an intralobar sequestration containing pan- 
creas with a systemic arterial supply and att: ched to 
the gut at the esophagogastric junction. The hypothesis 


dominal aorta. was de- 
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Fic. 2. shows a fistulous tract from the 


Barium swallow 
esophagus to the mediastinal mass. 


X-ray 


of Halasz, and Liebow,® that the mature 
sequestration arises from a caudad diverticulum of the 
primitive foregut, containing pleuripotent tissue capable 
of forming either respiratory or heterotopic tissue, ap- 
pears to be the only theory which accounts for A) the 
systemic arterial supply (often arising below the dia- 
phragm, B) the fistula which in some instances com- 
municates with the esophagus and C) the variability 
of the histologic appearance. 

Gerle * and coworkers further extended the concept of 
a common embryogenesis by suggesting that “extra lobar” 
and sequestrations, in addition to hetero- 


Lindskog 


“intralobar” 





ESOPHAGUS 


INTRAMURAL EXTRALOBAR INTRALOBAR 
A - WITH TRACT A- WITH TRACT A - WITH TRACT 
B - NO TRACT B - NO TRACT B - NO TRACT 
Fic. 3. A. proposed classification of bronchoenteric cysts, with or 


w — aberrant pancreas. In all cases, there is an anomalous 
arterial su pply from the aorta. Type I represents an intramural 
lesion. Type II represents an extralobar location. Type III repre- 
sents an intralobar location. In each case subtype A indicates that 
a communication with the esophagus is present; whereas subtype B 
indicates that no tract remains to the esophageal lumen. 
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topic sequestrations communicating with the gut, be 
collectively identified as "congenital bronchopulmonary 
foregut malformations". These authors believe that the 
time at which the accessory anlage occurs in embryo- 
genesis probably determines whether the resulting mal- 
formation will be intralobar or extralobar. Thus, the early 
foregut diverticulum is more likely to be enveloped within 
the lower lobe of normally developing lung, whereas the 
later developing diverticulum is less likely to be en- 
veloped in the lung and is more likely to be invested by 
its own pleura. The likelihood of heterotopic mucosa 
being present is also greater in the extralobar sequestra- 
tion. The broad and open attachment of pancreatic tissue 
adjacent to the cardioesophageal junction in our patient 
suggests that it arose relatively late in the development 
of the foregut. 

Although the formes frustes described result from 
anomalous foregut development later in gestration than 
the more common intralobar anomalies, they share a 
common embryogenesis. Taken together these anomalies 
may be.seen as glimpses of a sequence in time-lapse 
photography. For this reason a unifying classification of 
these anomalies in proposed in Figure 3. The intramural 
sequestrations arise late in foregut development and are 
broadly attached to the esophageal wall (Type I). We 
believe our case belongs to this category and have sub- 
classified this anomaly as Type IA, since it openly com- 
municates with the gut through a fistulous tract. An 
example of an intramural anomaly without a communica- 
tion, Type IB, was reported by Razi." 

Extralobar duplications, either broncho-pulmonary or 
enteric in histology, are further detached from the 
esophageal wall (Type II). Prototypes for the group re- 
taining an esophageal communication (Type IIA) are 
the cases reported by Baar and D’Abreau ? and by Gerle 
et al.’ Non-communicating duplications (Type IIB) are 
more common. Over 100 of these lesions have been re- 
ported including seven from one institution. 

The cases of Beskin, Halasz et al., and Gerle et al., 
are representative of the intra-lobar sequestration retain- 
ing a tract to the esophagus (Type IIIA). In the Type 
IIIB anomaly, the esophageal communication of the intra- 
lobar sequestration has vanished, leaving only the aber- 
rant aortic tributary as a clue to its origin. 

In conclusion, a word may be said concerning the value 
of a thorough preoperative diagnostic evaluation of these 
lesions. In addition to the routine roentgenographic 
studies including laminography, a barium swallow x-ray 
permits a more precise localization of the mass, as well 
as identification of a possible fistulous communication 
with the esophagus. Aortography may establish the pres- 
ence of an aberrant arterial supply which not only helps 
in the differential diagnosis of masses of the mediastinum, 
but also enables the surgeon to anticipate the position of 
the major anomalous vessels. 
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Because all sequestrations are prone to produce symp- 
toms, either from extrinsic pressure upon the releted 
mediastinal structures or from the effects of peptic secre- 
tion producing ulceration, perforation or bleeding, we 
believe that establishment of the diagnosis warrants sur- 
gical excision of the these lesions. Advanced inflamma- 
tory changes can exist in the asymptomatic patient as 
indicated by the findings of chronic pancreatitis and 
abscess formation in our patient. In view of the present 
state of operative and postoperative management of 
thoracic and mediastinal surgery, the morbidity and 
mortality of surgical intervention upon detection of the 
mass is very low and the operation should not be 
deferred. 


Summary and Conclusions 


The sixth case of aberrant pancreatic tissue in the 
thorax, which is also the first case in which an esophageal 
fistula as well as an anomalous subdiaphragmatic arterial 
blood supply from the aorta have been demonstrated, 
is reported. In the belief that this lesion and other similar 
cases are formes frustes of the more common intralobar 
broncho-enteric sequestrations, we have suggested a clas- 
sification of these masses based upon their proposed 
embryogenesis. 
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Late Effects of Portal Systemic Shunting Procedures on Cardio- 


respiratory Dynamics in Man 


MICHAEL J. GORDON, M.D.,* LOUIS R. M. DEL GUERCIO, M.D.** 


EPATIC CIRRHOSIS is a disease with widespread sys- 
H temic manifestations. Among the most important 
are the profound alterations that often occur in the 
portal, systemic and pulmonary circulation. 

It was not until recently that the major changes in 
systemic and pulmonary hemodynamics were elucidated. 
The work of Kowalski and Abelman !? was further ex- 
panded by others;!?2*?5 and the syndrome of the hyper- 
dynamic cardiovascular state has become well recognized 
in cirrhotic patients. It is characterized by an increased 
cardiac output, decreased peripheral vascular tone ?? 
and elevated mean systolic ejection rate. Associated 
with these hemodynamic changes are major alterations 
in arterial and venous oxygen tension. These consist of 
arterial hypoxemia, decreased arteriovenous oxygen dif- 
ference, increased mixed venous oxygen content, and 
evidence of pulmonary venous admixture, and are 
thought by many to be the results of systemic and pul- 
monary arteriovenous shunting.1:2..28 

Thus, cirrhosis greatly alters both the regional circula- 
tion and the generalized circulatory dynamics of the 
body. In attempting to control the life-threatening con- 
sequences of the former, the latter becomes of great im- 
portance in the surgical management of the disease. Del 
Guercio et al.®15 found that patients with hyperdynamic 
' circulatory systems respond very poorly after porta- 
systemic shunting operations. Using the patient's pre- 
operative cardiorespiratory functions as parameters, 
Siegel and Williams ?* have constructed a seemingly valid 
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computerized index for the prediction of survival follow- 
ing a shunting procedure. 

An operation which shunts the portal blood flow into 
the systemic circulation, bypassing the liver, is in itself, of 
major hemodynamic significance. The alterations which 
occur in the portal circulation after shunt procedures 
have been well studied, but the early and late changes in 
the systemic circulation after a shunt have not been. 
The effects of a major hemodynamic alteration on a 
circulatory system which may already be under stress 
due to the disease process itself cannot be minimized. 
Also, any difference in immediate or delayed cardiovascu- 
lar response of those patients who have normal hemo- 
dynamics from those who are hyperdynamic prior to 
operation has not been established. This study was under- 
taken to clarify these points. 


Methods 


Serial hemodynamic studies of 24 cirrhotic patients 
who underwent portasystemic shunting operations in the 
last 5 years were examined. The majority of these patients 
had cirrhosis secondary to alcoholism, proven by open 
liver biopsy, and were electively shunted for past variceal 
bleeding. The subjects, all of whom survived for more 
than l month postoperatively were divided into two 
groups, matched in terms of age and liver function as 
established by the McDermott Index?! Table 1. 

The first group consisted of 13 patients, with an average 
age of 51.7 years and an average McDermott index of 
1.77. These patients were normodynamic by the criteria 
listed below. 

The second group consisted of ll patients, with an 
average age of 49.9 years and McDermott index of 1.93. 
All patients in this group, when studied at rest the day 
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prior to operation, had a cardiac index greater than 3.2 
liters/min/m?, a mean systolic ejection rate higher than 
160 ml/minute/m? and a peripheral resistance lower 
than 1200 dyne-sec-emr*. Using criteria previously elabo- 
rated? these patients were considered hyperdynamic. 

The majority of the patients had end-to-side portacaval 
shunts, six of the 24 had splenorenal shunts. Four of the 
patients who had had splenorenal shunts were in the 
normodynamic group. 

Determinations of the hemodynamic and respiratory 
parameters were accomplished using standard formulae 
, and methods outlined in previous work from this labora- 
tory. 8, 9,15 

Serial hemodynamic studies were performed 1 day pre- 
operatively and throughout the operative and postopera- 
tive period. We have selected four times in the patient's 
course for comparison: the first is the day prior to opera- 
tion; the second, is one day postoperatively; and the 
third, one week post shunt. The fourth group of figures 
presented are the data obtained when the patient re- 
turned to the hospital for routine follow-up. This aver- 
aged 72.3 days for the normodynamic group and 82.0 
days for the hyperdynamic group, p greater than 0.8. 


Results 


The cardiorespiratory parameters obtained in this study 
are shown in Table 2. Several pertinent changes are 
illustrated in Figures 1 and 2, and aie examined. in de- 
tail below. 

l. Cardiac Index: The cardiac output of the normo- 
dynamic group changed markedly over the postoperative 
period when compared to basal levels. Before operation, 
their average Cardiac Index was 2.75 L/min/M? com- 
pared to 4.47 for the hyperdynamic group, p less than 
0.001. The cardiac output increased greatly in the period 
after shunting, reaching 3.52 L/min/M? for the last de- 
termination, p less than 0.01 compared to preoperative 
data. The Cardiac Index of the hyperdynamic group, 
however, hardly changed, being 4.32 at follow-up. 

2. Total Peripheral Resistance: This value also changed 
greatly for the normal group in the postshunt period. 
Their preoperative peripheral resistance was 1559.8 dyne- 
sec-cmr5, compared to the expected low resistance, 959. 9 
of the hyperdynamic group, p less than 0.001. In the 
postoperative period, vascular tone fell in the normody- 
namic group to 1966.4 dyne-sec-cmr*, p less than 0.001 
compared to preoperative values. Again, almost no varia- 
tion occurred in the hyperdynamic group, the last data 
being 926.9 dyne-sec-cnr 5. 

3. Mean Ejection Rate: With the increase in cardiac in- 
dex of the normodynamic group following operation, a 
concomitant increase in mean left ventricular ejection 
rate also occurred. Their preoperative ejection rate was 
101.9 ml./sec/m? compared to 177.9 for the hyperdy- 
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TABLE 1. Grouping of Patients Studied 
Patient Mc Dermott 
(Hosp. No.) Sex Age Index? (Units) Shunt Type 
Normodynamic Group: 
N.S. (11014) M 56 1.0 Portacaval 
M.C. (255017) F 60 2.7 Portacaval 
W.P. (323586) M 47 2.0 Splenorenal 
E.M. (273934) F 54 2.2 Portacaval 
D.N. (251699) M 54 2.2 Splenorenal 
C.D. (346943) M 48 2.0 Splenorenal 
W.J. (177946) M 40 2.0 Portacaval 
M.C. (225333) F 48 1.4 Portacaval 
H.S. (132914) M 52 1.2 Portacaval 
P.L. (267141) M 53 1.0 Splenorenal 
T.M. (229485) M 68 2.5 Portacaval 
C.O. (270760) F 21 1.0 Portacavel 
A.T. (327517) F 71 1.8 Splenorenal 
Average 51.7 1.77 
(+ S.E.) (+3.5) (+.16) 
p less than 0.7 .5 
(cf. other group) 
S peu Group: 
B.E. (63493) F 51 2.8 Portacaval 
P.C. (430064) M 52 1.8 Splenoreral 
N.F. (300043) M 46 2.3 Portacaval 
B.H. (212673) M 37 2.8 Portacaval 
W.P. (301487) M 72 2.0 Portacaval 
A.R. (359663) F 52 1.8 Splenorenzl 
L.V. (308604) M 41 1.6 Portacaval 
M.F. (377145) F 45 2.2 Portacava. 
J.M. (183462) M 38 1.6 Portacava. 
S.H. (207182) F 72 0.8 Portacaval 
J.H. (301923) M 43 1.8 Portacaval 
Average 49.9 1.93 
(X S. E.) (4T3. 6) (4.18) 





namic group, p less than 0.001. Following operation, their 
ejection rate increased to 139.5 ml./séc/m?, p less than 
0.02 compared to basal levels. On the other hand, ‘the 
ejection rate of the hyperdynamic group varied little 
from its preoperative value, 183.3 ml./sec/m? at ‘ol- 
low-up. 

4. Mean Circulation Time: With the increase in circu- 
latory kinetics of the normodynamic group, their mean 
circulation time fell to a level almost coincident to that 
of the hyperdynamic group. Preoperatively, the former 
had a mean circulation time of 17.3 seconds while the 
latter had one of 13.0 seconds, p less than 0.05. At 
follow-up, the circulation time of the normodynamic 
group had dropped to 14.8 seconds, while that of the 
hyperdynamic group had risen to 15.6 seconds, a reflec- 
tion of the slightly increased circulatory dynamics in 
this group. 

Concomitant with the wide changes in the circulatory 
dynamics of these patients following their operations, we 
also noted significant changes in their blood gases. These 
are summarized below and are seen diagrammatically 
in Figure 2. 

Oxygen saturation was calculated using the standard 
oxygen dissociation curve. Fritts !? and Keys and Snell 18 
have presented evidence that the curve is shifted to the 
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TABLE 2. Hemodynamic and Respiratory Paramelers* in Patients Studied: Normodynamic vs. Hyperdynamic Groupings 














Preoperative One Day One Week Last Study** p*** 
Parameters Values p* PostOp. p* PostOp. p* PostOp. p* PreOp. vs. Last 
Cardiac Index (L./min./M?.) : 
' — Normodynamic 2.75 3.77 4.04 3.52 .01 
(4.19) (4.41) (+ .28) (+ .20) 
001 .05 5 d 
Hyperdynamic 4.47 5.26 4.38 4.32 7 
(2.31) (3:.64) (+ .37) (+ .41) 
Total Peripheral Resistance 
(dyne-sec.-cm™5) 
Normodynamic 1559.8 1197.3 2013.8 1066.4 .001 
(+92.6) (4121.8) (+ 109.5) (88.8) 
.001 .05 3 3 
Hyperdynamic 959.9 865.6 846.6 926.9 .8 
(3:114.6) (4125.3) (+ 67.1) (+85.6) 
Stroke Index (ml./M?) 
Normodynamic 34.31 37.24 46.73 45.18 .001 
(42.31) (43.21) (+5.10) (+2.94) 
.001 .01 .6 .6 
Hyperdynamic 54.21 57.97 51.41 48.48 3 
(+3.50) (+8.17) (+6.13) (45.34) 
Mean Ejection Rate 
(ml./sec./M*?.) 
Normodynamic 101.9 124.5 138.6 139.5 .02 
(48.2) (+10.8) (=12.3) (+12.9) 
.001 .001 .05 .05 
Hyperdynamic 177.9 197.5 189.8 183.3 7 
(+8.90) (+22.6) (418.4) (412.4) 
Stroke Work (Gm.-M) 
Normodynamic 73.5 74.3 85.4 83.2 3 
(46.5) (+6.9) (49.9) (+7.9) 
.01 .001 .6 4 
Hyperdynamic 112.6 113.8 92.9 96.4 3 
(+10.0) (+17.1) (+9.6) (+13.6) 
Mean Circulation Time (sec.) 
Normodynamic 17.2 16.04 14.14 14.76 .i 
(+1.49) (+1.36) it .93) (41.02) 
-05 2 .9 ; 
Hyperdynamic 12.98 13.77 14.20 15.62 1 
(+ .98) (+1.67) (41.77) (42.09) 
Mean Blood Pressure (mm. Hg) 
Normodynamic 90.2 86.8 75.3 78.2 .02 
(42.7 (42.7) (42.6) (44.6) 
8 2 9 7 
Hyperdynamic 88.4 94.0 75.7 80.8 52 
(45.2) (+6.3) (+3.0) (44.2) 
Pulse Pressure{mm. Hg) 
Normodynamic 63.2 56.2 58.3 63.3 .9 
(+3.9) (44.2) (+3.5) (+3.7) 
3 d .9 .2 
Hyperdynamic 57.4 65.5 58.1 55.5 7 
(+5.5) (45.2) (—4.2) (2:4.0) 
Heart Rate. (per min.) 
Normodynamic 81.2 85.1 89.5 83.7 5 
(43.3) (42.7) (=3.5) (22.9) 
7 8 9 .2 
Hyperdynamic 84.0 86.9 88.6 92.6 Tu 
i (+4.8) (£4.7) (4.3) (45.5) 
Central Venous Pressure 
(cm. H:0) * 
Normodynamic 5.0 5.4 7.3 6.9 2 
(+.7) (+ .9) (+1.5) (+1.5) 
.02 3 5 6 
Hyperdynamic 10.2 6.7 9.2 9.7 9 
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Preoperative One Day One week 
Parameters Values p* PostOp. p* PostOp. p* 
Central Blood Volume (L.) 
Normodynamic 1.33 1.63 1.62 
(4.10) (4.23) (4.15) 
.05 wl 
Hyperdynamic 1.68 2,13 1.99 
(+.12) (+ .29) (+ .30) 
Arterial pH 
Normodynamic 7.43 7.46 7.48 
(+ .01) (+ .02) (+ .01) 
05 al 3 
Hyperdynamic 7.48 > 7.51 7.22 
(25.02) C+ .03) (+ .03) 
Arterial pO, (mm. Hg) f 
Normodynamic 86.5 65.8 69.9 
(3.4) (43.2) (44.5) 
2 ul 2 
Hyperdynamic 77.8 74.8 80.4 
: (43.9) (£5.4) (+45.0) 
Arterial Oxygen Saturation (95) 
Normodynamic 96.0 92.2 92.9 
(+.5) (+.9) (41.0) 
2 2 5 
Hyperdynamic 94.9 93.7 94.2 
(-£.8) (31.2) (4 1. 6) 
Mixed Venous pO: (mm. Hg) 
'  Normodynamic 42.0 38.7 42.5 
(41.8) (x:1.8) (3:3.1) 
4 2 3 
Hyperdynamic 45.0 42.5 50.6 
(43.4) (42.7) (46.4) 
Mixed Venous Oxygen Saturation 
(per cent) 
Normodynamic 76.7 73.7 70.5 
(+1.4) (42.2) (42.9) 
6 N .05 
Hyperdynamic 78.6 78.8 83.1 
(42.9) (2.9) (+46.1) 
Arteriovenous Os Difference 
(vol. per cent) 
Normodynamic 3.14 3.30 3.56 
` (2.20) (35.315 (+.31) 
05 .01 .01 
Hyperdynamic 2.16 2.12 1.85 
(+ .16) (+ .31) (+ .51) 
Oxygen Consumption (ml./min.) 
^. Normodynamic : 141.6 206.5 188.3 
(+13.9) (+19.4) (+18.9) 
.2 .01 
Hyperdynamic 186.0 83.2 197.1 
(2: 32.2) (+8.1) (+51.8) 
Venoarterial Admixture 
(per cent of cardiac output) 
Normodynamic 24.2 30.0 24.5 
. (42.1) (+2.4) (£2.3) 
7 05 
Hyperdynamic 23.0 37.8 31.5 
(42.8) (3.2) (+3.3) 








Last Study** p*** 
PostOp. p* PreOp. vs. Las 
1.46 4 
(+ .10) 
.05 
1.86 3 
(+ . 16) 
7.49 1 
(+ .02) 
5 
7.51 7 
(+ .03) 
71.0 .001 
(3.9) 
.8 
69.3 ` wl 
(+3.5) 
93.8 2 
(+.7) 
3 
91.3 .05 
(+1.9) 
37.4 1 
(41.8) 
7 
39.4 3 
(43.7) 
73.5 2 
(42.3) 
7 
75.9 6 
(+4.4) 
3.20 8 
(+ .14) 
.05 
2.35 7 
(+ .39) 
208.0 .005 
(£9.4) 
164.9 5 
(+36.0) 
21.6. .4 
(+2.7) 
.02 
31.3 .05 
(42.9) 





# Mean value (+ Standard Error of the mean) 
* p less than, comparing the two groups at that point in time. 
** Time of last study averaged 72.3 days for the Normodynamic Group and 82.0 days for the Hyperdynamic Group. (p = 0.9) 
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right in cirrhotic patients. Recent work, however, has 
failed to corroborate these findings,?:19?23^? and thus, we 
assumed the curve to be normal. 

l. Arterial Oxygen Saturation: Arterial oxygen levels 
in both groups, taken on room air, did not differ signifi- 
cantly before their operations. The normodynamic group 
had a saturation of 96.0% while the hyperdynamic group 
was 94.9 saturated. This similarity did not change dur- 
ing the postoperative course so that at the last reading, 
their saturations remained close with a reading of 93.8% 
and 91.3% respectively. What was important was the 
variation within a specific group when the follow-up 
data are compared with the preoperative levels. This 
change was not noticeable in the normodynamic group, 
but was present in the hyperdynamic patients. Preopera- 
tive oxygen Saturation in this group was 94.9% and at 
follow-up, had dropped to 91.32, p less than (.05. The 
probable reason for this is seen when one examines the 
change in pulmonary arteriovenous admixture, which is 
presented below. 

2. Arterio-Venous Difference: A-V Difference was ab- 
normally low preoperatively in the hyperdynamic group, 
secondary to their peripheral A-V shunting. This group 
had an A-V difference of 2.16 volumes per cent at basal 
levels, compared to 3.14 volumes per cent for the normo- 
dynamic group, p less than 0.05. This did not vary 
substantially through the postoperative course, so that the 
follow-up data showed the normodynamic group with an 
A-V difference of 3.20 vol. % and the hyperdynamic 
group with a difference of 2.35 vol. 2, p less than 0.05. 
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° Significant statistical difference (p less than 0.05) between 
the two groups at this point in time for this parameter. 

x Significant statistical difference between the preoperative and 
the last value within this group for this parameter. 


These data were not significantly different from pre- 
operative levels. 

3. Venous Oxygen Saturation: 'The oxygen saturation 
of mixed venous blood did not differ significantly through- 
out the preoperative and postoperative course. The hy- 
perdynamic group maintained consistently elevated 
venous oxygen saturations, as would be expected from 
their lowered arteriovenous oxygen difference and the 

normodynamic group maintained normal or somewhat 
less than normal levels. 

The hyperdynamic group showed a large increase in 
venous oxygen saturation one week postoperatively to 
83.1%, p less than 0.05 compared to the normodynamic 
group, which cecreased to 70.5%. 

4, Pulmonary Arteriovenous Admixture: This value, 
expressed as the per cent of the cardiac output not being 
exposed to oxygenated pulmonary capillary beds, was 
approximately equal for the two groups before the 
shunting operation. The normodynamic group had a per 
cent shunt of 24.2 compared to one of 23.0 for the hyper- 
dynamic group. This relationship changed postopera- 
tively, and the shunt per cent of the hyperdynamic group 
increased markedly. At the last follow-up, the normo- 
dynamic group had 21.6 per cent shunt, and the hyper- 
dynamic group had 31.3 per cent shunt, p less than 
0.02. When compared to basal levels, the normodynamic 
group showed no significant change in their per cent 
shunt. The hyperdynamic group, however, showed a 
statistically significant change, p less than 0.05 compared 
to preoperative levels. 
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5. Oxygen Consumption: Preoperatively, the hyper- 
dynamic group had an oxygen consumption somewhat 
higher than the normodynamic group. In the immediate 
postoperative period, the hyperdynamic group had 
markedly diminished oxygen consumption. This agrees 
with previously published results !$ and is an indica- 
tion of the high postoperative mortality in this group.!? 
As time progressed, their oxygen consumption rose and 
remained stable at a level which was essentially the 
same as the values obtained preoperatively. 

On the other hand, the normodynamic group raised 
their oxygen consumption from 141.6 ml./min to 208.0 
ml/min, p less than 0.005. This is a reflection of the 
elevation in their cardiac index and a relatively constant 
A-V difference. 

In four of the cases, two hyperdynamic and two normo- 
dynamic, the last data were obtained 12-14 months fol- 
lowing the procedure. The results of these patients at 
that time were essentially the same as those obtained one 
month post shunt. 

The slightly larger number of splenorenal shunts in 
the normodynamic group should not affect the data, as 
it has been shown! that there are no significant dif- 
ferences in these parameters caused by the two opera- 
tions. 

There were four known deaths in the patients studied, 
all in the hyperdynamic group and occurring from 3 
months to 1 year postoperatively. No difference in mor- 
tality is ascribed to shunt type, as half the deaths were 
with splenorenal and half with portacaval shunts. Ac- 
curate survival figures for the group as a whole are not 
attainable, as many of the patients were lost to follow-up 
within 2 years of the procedure. 


Discussion 


The hemodynamics of the normodynamic group 
changed drastically following operation. Their cardiac 
output, stroke index, stroke work, and mean ejection rate 
increased while their peripheral resistance and mean 
circulation time decreased. The hyperdynamic group, 
on the other hand, were little affected by the procedure. 

There is also a significant difference between the two 
groups when one examines their blood gases. The normo- 
dynamic group maintained a normal venous oxygen 
saturation and arteriovenous difference, whereas the 
hyperdynamic group continued to have low arteriovenous 
differences and a high venous oxygen saturation. The 
oxygen consumption of the hyperdynamic group re- 
mained stable, yet that of the normodynamic group in- 
creased significantly. 

These data show the development of a hyperdynamic 
circulation in the previously normodynamic group fol- 
lowing portalsystemic shunts. However, the postoperative 
elevation of this group's oxygen consumption and the 
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maintenance of a good venous oxygen saturation and 
A-V difference imply that the hyperdynamic state de- 
veloped unaccompanied by evidence for an increase in 
systemic A-V shunting. Thus, the hyperdynamic group 
continued to have arteriovenous shunting postoperatively, 
whereas the normodynamic group did not. Despite this, 
however, the latter group became increasingly hyper- 
dynamic. We hope to explain this disparity and seek a 
mechanism for the elevated cardiac output and decreased 
peripheral resistance without peripheral arteriovenous 
shunting. 

Others have noted the effects of a portacaval shunt on 
circulatory dynamics. Even et al.!° reported a significant 
increase in cardiac output in 12 patients following porta- 
caval shunt. Upon further analysis of their data, however. 
one sees that the increase in output in the normody- 
namic patients is nearly twice the increase in the hyper- 
dynamic patients. These authors also noted a fall in 
peripheral vascular tone with no change in mean blood 
pressure. The increased output was accomplished by 
both an increase in stroke volume and heart rate. Price 
et a1? have also noted an increase in cardiac index in 
post shunt patients. Other hemodynamic parameters, 
however, were not discussed. Johnson and Lambert"? re- 
ported a significant increase in cardiac output following 
portacaval shunt in dogs. This increased output seemed, 
as in our results, to be secondary to both an increase in 
stroke volume and in heart rate. The peripheral resistance 
fell as did mean arterial blood pressure. 

There are several mechanisms which would account 
for the changes observed. Following a portalsystemic 
shunt, cardiac output would be increased by either an 
increase in venous return or a decrease in peripheral re- 
sistance, or both. Johnson and Lambert 1” point out that 
anastomosis of the portal system to the vena cava or 
renal veins would allow portal blood to flow into a low 
resistance pool. Delaney” has shown that this situation 
causes an increase in arterial inflow into the portal sys- 
tem. This increased volume would be directed into the 
vena cava thereby increasing venous return, creating a 
larger diastolic ventricular volume and thus, a larger 
stroke volume. Therefore, there would be an increase 
in cardiac output with an increase in stroke volume and 
with a minimal change in pulse rate, which is exactly 
what we observed. 

With the decrease in peripheral resistance in the portal 
system, arterial blood pressure would tend to be lowered. 
This, in turn, would stimulate pressor receptors which 
would tend to increase the cardiac output. Frank 4 
found that the opening of a low resistance systemic 
arteriovenous fistula causes first an increase in stroke 
volume and cardiac output, then as flow through the 
fistula increases, a fall in blood pressure. We did indeed 
observe the fall in peripheral resistance, the increase 
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in cardiac output, the increase in stroke volume, and a 
fall in blood pressure. 

Corroborating evidence for these mechanisms is pro- 
vided by two other sources. Mena,” using a radioisotope 
tracer technic, found a large increase in the cardio portal 
circulation time following portacaval shunts, compared 
both to the cirrhotic and to the normal patient, Williams 
et al?? reported a greatly augmented splenic blood flow 
. following portacaval shunts. These data tend to support 

the concept of an increased dynamic state in the afferent 
portal flow following a shunting procedure. 

The development of the hyperdynamic state in these 
patients may be explained by yet another mechanism, 
first postulated by Murray et al.?* It is conceivable that 
a vasodilatory substance, which originates from the in- 
testine and is normally detoxified by the liver, is now 
released to the systemic circulation by the shunt. Thus, 
we have the massive fall in peripheral resistance with a 
partial compensation by a rise in cardiac output. This 
substance would act at an arteriolar or precapillary level. 
Additional arteriovenous shunts would not be created and 
this phenomenon is indeed compatible with the blood 
gas configurations we observed postoperatively. 

This mechanism would also explain the changes ob- 
served in pulmonary venous shunting postoperatively. 
It may well be that extra-alveolar shunts are very sensi- 
tive to humoral agents and would react to any vasodilat- 
ing substance released in the general circulation by the 
hepatic bypass created. The hyperdynamic group, which 
responded more, may be more sensitive to these sub- 
stances, which in fact, may be why these patients be- 
came hyperdynamic in the first place. 

Alternatively, the mechanism of precapillary pulmo- 
nary vasodilatation as postulated by Cotes et al5 might 
explain these data. This would alter the ventilation-per- 
fusion relationships of the lung, especially the dependent 
portions and cause venous admixture, which, in the face 
of the elevated cardiac output, might not be corrected 
entirely by ihhalation of pure oxygen. Again, this vaso- 
dilatation might be secondary to a humoral factor being 
shunted around the liver by the operation. 

The hyperdynamic group responded little, if at all, 
to the operation. If any change, there was a small, though 
insignificant, fall in peripheral resistance, associated with 
a slight decrease in mixed venous oxygen saturation. 
These patients already have such a low peripheral re- 
sistance from their multiple A-V shunts that it is unlikely 
that further reduction in vascular tone, which is often 
accomplished in areas distal to these shunts, would re- 
sult in any further fall in resistance. Those patients who 
‘decreased in vascular tone even further, would require 
huge cardiac outputs to maintain blood pressure and 
tissue perfusion. In this group of patients, many of whom 
are already in borderline or actual high output cardiac 
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failure,*5 this additional load would be disastrous. Hy- 
perdynamic cirrhotic patients respond very poorly after 
shunt surgery, often dying of heart failure, and associated 
renal failure, or liver failure.95 Thus, the sequence of 
hemodynamic events set off by the shunt may signifi- 
cantly contribute to ultimate death. These data would 
not appear in our study as we included only patients who 
survived for at least 3 weeks following operation. 

The overall implications of this investigation are 
serious. Certainly, we may say that a shunting procedure 
in a cirrhotic patient will not improve the overall sys- 
temic circulatory status. If anything, the chances of 
eventual high output failure and death seem to be in- 
creased by the operation. 


Summary 


Serial hemodynamic studies on 24 cirrhotic patients 
with portalsystemic shunts are presented. Two groups, 
matched for age and hepatic function were followed for 
an average of 77 days postoperatively. The first group, 
with 13 patients was normodynamic preoperatively. The 
second, with 11 patients, was hyperdynamic. 

The cardiorespiratory parameters of the normodynamic 
group changed drastically postoperatively. Their cardiac 
index, mean sjection rate and stroke work significantly 
increased, while their peripheral resistance, blood pres- 
sure and mean circulation time decreased, making them 
hyperdynamic. The hyperdynamic group was little af- 
fected by the procedure. 

Blood gas determinations showed that the normody- 
namic group maintained a relatively normal venous 
oxygen saturation and arteriovenous difference post- 
operatively while significantly increasing their oxygen 
consumption. The hyperdynamic group continued to have 
low arteriovenous differences and a high venous oxygen 
saturation, indicative of peripheral arteriovenous shunting. 

The impact of these changes on the already stressed 
systemic circulation of cirrhotic patients is serious, and 
may, in many, be intolerable. 
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Lactate Metabolism after Aorto- Coronary Artery Vein 


Bypass Grafts 


ROBERT C. CARLSON, M.D., SUSAN KLINE, M.D., CARL APSTEIN, M.D., 
STEPHEN SCHEIDT, M.D., NORMAN BRACHFELD, M.D., T. KILLIP, M.D., 


IRECT MYOCARDIAL REVASCULARIZATION has been per- 
D formed on 20,000 patients with atherosclerotic 
coronary artery disease in the United States during 1970.5 
Over 700,000 U.S. citizens die annually from coronary 
artery disease; one-third of these persons are under 65 
years of age.'? A question, at issue, is whether a greater 
number of revascularization operations need to be per- 
formed to reduce this toll. A similar incidence of this 
disease is reported in European countries.!? 

Before embarking upon a large scale program for 
revascularization, objective evidence for safe, effec- 
tive and long lasting improvement needs to be docu- 
mented. In the past, the results of coronary artery disease 
have too often been based upon testimonials of clinical 
improvement which could be equaled by a placebo or 
sham operation. Objective evaluations of the vein bypass 
operation have given us definitive evidence of hemody- 
namic improvements, Parameters studied included im- 
mediate blood flow measurements at operation, post- 
operative vein graft angiograms, and exercise tolerance 
measurements,” 

This report is concerned with the effect of direct 
myocardial revascularization on lactate metabolism by 
use of aorto-coronary artery vein bypass graft operations. 
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Method 


Patients with coronary artery disease and two normal 
controls were subjected to cardiac stress by means of 
right ventricular or right atrial pacing. Simultaneous 
sampling from the coronary sinus and the left ventricle 
permitted evaluation of myocardial metabolism (Fig. 1). 
Electrocardiograms and lactate monitoring were per- 
formed during a resting (control) and an electrically 
paced (ischemic stress) state to the point of angina, or 
to a heart rate of 150—160. 

A standardized protocol was followed, including hemo- 
dynamic studies which will be reported later. Continuous 
electrocardiograms recorded limb and chest leads V, to 
Ve. The coronary sinus was canulated via the basilic 
vein. The left ventricular catheter via the femoral artery 
was withdrawn into the ascending aorta whenever in- 
dicated by ventricular premature beats. A Medtronic 
demand pacemaker was linked to a bipolar electrode 
inserted via the right basilic vein into the right ventricle 
or atrium. 

It was found that pacing rates could not be arbitrarily 
set prior to zhe study. The rate was increased slowly to 
two or two and a half times the resting rate or until the 
angina threshold was reached. The time of onset of 
angina, ischemic electrocardiographic ST-T wave changes, 
and arterio-coronary sinus ( À-Cs) lactate production was 
observed. 

Lactate determinations were performed by the Auto 
Analyser method of Apstein, Puchner and Brachfeld.! 
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The determination of lactate is based on its enzymatic 
conversion to pyruvate in the presence of nicotinamide- 
adenine dinuclueotide, NAD+ (diphosphopyridine nu- 
cleotide (DPN+) and lactic dehydrogenase (LDH). 
The fluorescence of the NADH (DPNH) produced by 
this reaction is measured after excitation of the molecule 
by a 355 mu light source. Immediate initial deproteiniza- 
tion of the aspirated blood sample is imperative. This is 
accomplished by mixing equal weighed volumes of 
sample solution with 0.6 N. perchloric acid (PCA), The 
denaturized sample then can be refrigerated and stored 
until processed in the auto analyzer. The coefficient of 
variation of duplicate plasma determinations is less than 
2%. Only 0.03 ml. sample is required if the specimen has 
been previously deproteinized with 0.6N. PCA. Glucose 
determinations also were made. 

In electrocardiographic studies the amount of ST wave 
depression was measured as an index of myocardial 
ischemia. 

Timing of Studies: All patients were admitted to the 
hospital and coronary angiography was performed 24—48 
hours prior to catheterization. Subjects were studied after 
an overnight fast. Premedication consisting of intra- 
muscular sodium pentobarbital (100 mg.) and meperi- 
dine (50 mg.) was administered approximately 2 hours 
prior to the study. Neither glucose nor heparin were ad- 
ministered. Catheters were kept patent by intermittent 
flushing or slow intravenous drip of 0.5% sodium citrate 
in isotonic saline. The patients were restudied 48 hours, 
2 weeks or 3 months postoperatively. The 48-hour post- 
operative study was performed using a temporary epi- 
cardial pacemaker wire, a transatrial- coronary sinus 
catheter and a radial arterial canula.” 

The disposable Lande-Edwards Membrane Oxygena- 
tors provided effective safe total cardiopulmonary sup- 
port during the revascularization operations. The results 
with the membrane oxygenator are presented else- 
where. 


Results 


Preoperatively, the heart rate was increased from 50% 
to 100% or to the onset of angina. Hemodynamic studies 
of cardiac index and “effort” index increased with pacing 
in almost all patients indicating increased cardiac external 
work and increased oxygen demand. Pacing caused an 
immediate significant increase in lactate production 
which was related to the severity of the coronary artery 
disease as evaluated clinically (symptoms, electrocardio- 
grams, coronary arteriography and hemodynamic or 
symptomatic response to pacing ). 

Under resting, fasted conditions, the A-CS levels in- 
dicated normal lactate extraction in all but one of 13 
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Fic. 1, Diagram of coro- 
nary sinus and left ven- 
tricular catheter for aspi- 
rating A-CS samples for 
lactate determinations. 
Right ventricular or right 
atrial pacing electrode 
used. 





patients and were comparable to normal controls. With 
the onset of pacing, mean A-CS levels indicated lactate 
production in eight of eleven (73%) of the patients with 
angiographic evidence of coronary artery disease. In 
both normals (1002), and in three of eleven (27%) pa- 
tients with aniographic evidence of coronary artery dis- 
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Fic. 2. Lactate metabolism before operation. During ventricular 
pacing note the ischemic lactate production in 8 of 11 (73%) 
patients with coronary artery disease. Note normal lactate extrac- 
tion during pacing in the two normal patients and in three of 11 
(27$) patients with significant coronary disease confirmed by 


angiography. 
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Fic. 3. Lactate metabolism before and after successful double 
acrto-coronary artery vein bypass grafts. Note the depressed ST 
segment and ischemic lactate production during — pac- 
ing associated with angina. Postoperative pacing produced normal 
ST segment, normal lactate extraction and no angina. 


. ease, the lactates continued to be extracted normally 
(Fig. 2). 

Such changes in extraction-production due to the pro- 

gressive increase in C.S. lactate concentrations after 
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Fic. 4A. Lactate, glucose extraction between artery and coronary 
sinus, and heart rate during preoperative pacing. Preoperative 
pacing in H.G., age 61 years, with angina and healed myocardial 
infarction. Note the ischemic production of lactate ‘minus 20-25%) 
during preoperative pacing. 
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Fic. 4B. Pre and postoperative pacing, in H.G., age 61 years. 
Compare the preoperative ischemic lactate production (40-46%) 
with the postoperative normal lactate extraction (10%). 


onset of pacing exceeded controls by 95% within 10 min- 
utes (.01 p). 

Postoperative studies were completed on five patients 
after angiographic and clinically successful aorto-coro- 
nary artery bypasses with reversed saphenous vein grafts. 
Each patient had two vein grafts, anastomosed between 
the ascending aorta and the left anterior descending coro- 
nary artery, and the right coronary artery. The first pa- 
tient, F.D., in whom lactates were tested 48 hours post- 
operatively, had an occluded vein graft to a small but 
dominant right coronary artery when selective angio- 
grams were performed 2 weeks postoperatively. The 
other nine vein grafts were patent during angiography 2 
weeks to 2 months postoperatively. Each patient with 
patent grafts had clinical relief of angina. The patient 
with one occluded and one patent graft had decreased 
but definitely persistent angina. 

Electrocardiographic onset of ST depression correlated 
fairly wel. with the onset of angina during preoperative 
pacing. Postoperatively, the absence of angina during 
pacing correlated well with the absence of ST depression 
and the absence of lactate production. 
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Fic. 5A. Arteriograms, age 
61-year-old man (H.G.). 
Preoperative selective ar- 
teriogram and postopera- 
tive patent vein graft to 
left anterior descending 
coronary artery 2 weeks 
and 6 months. 


Case Reports 


Example: Return of ST depression and Lactate Production to 
Normal 


Case 1. P.M., a 61-year-old man with angina and prior myo- 
cardial infarction received a double vein bypass graft. Preopera- 
tively the arterial coronary sinus lactate difference indicated 419 
extraction at rest and 8% production during electrical pacing to 
150. Two weeks postoperatively the lactates showed normal ex- 
traction of 47% at rest and 45% during pacing 150. Ischemic ST 
changes present preoperatively were absent postoperatively (Fig. 


3). 


Example: Correlation of Lactate Improvement with One Oc- 
cluded and One Patent Vein Graft 


Case 2. F.D., a 48-year-old man with angina and two prior 
myocardial infarctions had 6% lactate extraction at rest and 4% 
production during pacing before operation. Two days after double 
vein bypass operation 8% of the lactate was extracted both at rest 
and during pacing. Two weeks postoperatively, selective angi- 
ography indicated patent vein graft to the large left anterior de- 
scending coronary artery but occluded vein graft to the small but 
dominant right coronary artery. 


Example: Angiographic and Metabolic Improvement 


Case 3. H.G., age 61 years, complained of shortness of breath 
on exertion for 4 years. Five years prior to admission, he was 
hospitalized for 43 days for well documented myocardial infarc- 
tion. Progressive shortness of breath on exertion of 4 years’ dura- 
tion, now occurred with minimal exertion and was associated 
with several episodes of anginal pain. Six months earlier he was 
hospitalized for severe chest pain. The SGOT enzyme elevation 
confirmed clinical evidence of a second myocardial infarction. 
Five to six daily episodes of progressive angina persisted until his 
present hospital admission. Physical examination was normal. 
The serum cholesterol level was elevated to 287 mg./100 ml. 
and triglycerides to 178 mg./100 ml. The electrocardiogram sug- 
gested a healed posterior myocardial infarction. Right and left 
heart catheterization was performed preoperatively. Pacing to 
a rate of 150/minutes resulted in anginal pain, a rise in left 
ventricular end diastolic pressure, ST segment depression in 
the lateral precordial leads and arterial coronary sinus lactate 
production. Coronary angiography demonstrated double vessel 
stenosis. The patient underwent double aorto-coronary bypass 
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with reversed saphenous vein autografts. His postoperative course 
uneventful. Two weeks later, 
sulted in no angina and no 
4A, B). The patient could walk a mile and climb a flight of 
stairs without symptoms during the following year. Vein graft 
angiograms 2 weeks and 6 months postoperatively were normal 
(Fig. 5A, B). 

Two other patients, C.R., 54 years of age, and J.S., 47 years 
of age, had a similar history of angina, prior myocardial infarc- 
tion, and were treated by successful double aorto-coronary artery 
bypasses with vein grafts. Their lactate studies are outlined with 
the other examples ( Fig. 6). 

The average values of these five pre and postoperative lactate 


was pacing at 150/minute re- 


ST segment depression (Fig. 





Fic. 5B. Patent vein graft to right coronary artery 6 months post- 
operatively. 
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Fic. 6. Individual preoperative and postoperative artery coronary 
sinus lactate differences in five patients during rest (control) and 
right ventricular pacing (ischemic stress). Note preoperative 
pacing produces ischemic lactate levels whereas postoperative 
levels show normal extraction except in part of one study (C.R.). 








studies are diagramed (Fig. 7). Note the production of lactate 
in all five patients during preoperative pacing. Postoperative pac- 
ing resulted in continued normal lactate extraction in four patients. 
The fifth, C.R., had both lactate extraction and production at 
various times during postoperative pacing. 


Discussion 


Theory—Lactate M etabolism 


In recent years, there has been renewed interest in the 
metabolism of the ischemic myocardium. The primary 
metabolic disturbance in myocardial anoxia or ischemia 
is related to an inadequate supply of oxygen to convert 
substrates into carbon dioxide and water and a shift to 
an aerobic metabolism, with the end product being lactic 
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Fic. 7. The average of lactate studies in five patients demonstrated 
ischemic production of lactate during preoperative pacing but 
normal lactate extraction during postoperative pacing. 
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acid. The heart normally extracts 20 to 40 per cent of the 
lactic acid in the arterial blood, converting it into CO; 
and water, but during anoxia this pathway is no longer 
available and lactic acid is produced by the heart either 
from endogenous glycogen or glucose. Production of 
lactic acid by the anoxia or ischemic heart has been 
shown in man during angina.5 Effective myocardial re- 
vascularization would be expected to reverse this anaero- 
bic metabolism. Opie et al. discussed the value of measur- 
ing lactates in evaluating coronary artery ischemia.? 

Forrestor, Gorlin and associates? demonstrated that 
heart rate increased by electrical pacing has minimal 
effects upon other hemodynamic indexes and arterial 
substrate concentrations, thus providing a considerable 
advantage over exercise and isoproterenol as a relatively 
uncomplicated form of myocardial stress. 


Correlation of Lactates with Other Metabolic Substances 


The extraction of a free fatty acid, glucose, and tri- 
glyceride was studied by us, although the precarious state 
of many of our subjects continues to present a significant 
deterrent to large volume sampling. In our laboratories, 
triglyceride extraction has been demonstrated by endo- 
genous labeling with radioactive 14 C-1 Palmitate bound 
to human serum albumin at a ratio of 3.8 moles of free 
fatty acid per mole of albumin and will be reported in 
detail soon. Mean A-CS glucose difference increased 110% 
and fractional extraction ( A-CS/A) increased 50%. There 
was almost stoichiometric balance between the increase 
in glucose extraction and in lactate production induced 
by pacing. Although the changes in glucose metabolism 
soon adjusted to the pacing rate and returned to resting 
levels, lactate production or a significant decrease in 
extraction persisted throughout the period of pacing. 

The persistance of lactate production throughout the 
period of pacing undoubtedly is supported both by glyco- 
genolysis and by enhanced glucose oxidation. 


Summary 


Left ventricular coronary sinus lactic acid levels were 
measured during a resting (control) and an electrical 
pacing (ischemic stress) state to angina or to a heart 
rate of 150-160. Preoperatively, lactates in 13 patients 
averaged 0 to 8 mg./100 ml. extraction at rest and 0.8 
mg./100 ml. production during pacing. Double aorto- 
coronary artery bypass with vein grafts were performed 
for symptoms of angina or prior myocardial infarction. 

Two days to 2 months postoperatively, five patients 
averaged 0.8 mg./100 ml. lactate extraction at rest and 
0.6 mg./100 ml. extraction during pacing. Postoperative 
relief of angina and improvement in ST depression cor- 
related well with angiographic evidence of vein graft 
patency and aerobic lactate extraction. 


Vol. 176 * No. 5 


References 


. Apstein, C. S., Puchner, E. and Brachfeld, N.: Improved Auto- 
matic Lactate Determination. Anal. Biochem., 38:20, 1970. 

Carlson, R. G., Baltaxe, H. B., Levin, D., Apstein, C., Brach- 
feld, N., Killip, T. and Lillehei, C. W.: Surgical Treatment 
of Coronary Artery Insufficiency. N.Y. State Med. J., 71: 
1721, 1971. 

. Carlson, R. G., Lande, A. J., Subramanian, V. A., Twichell, 
J. B., Baltaxe, H. B., Bloch, J. H. and Lillehei, C. W.: The 
Lande-Edwards Disposable Membrane Oxygenator for 
Aortocoronary Artery Vein Bypass Graft Operations. Pre- 
sented at the 10th Int. Cong. of Internat. Cardiovas. Soc., 
Moscow, USSR, Aug 26-28, 1971, for publication in the J. 
Cardiovasc. Surg. (Italy), 13:333, 1972. 

4, Case, R. B., Nasser, M. G. and Crampton, R. S.: Biochem. 
Aspects of Early Myocardial Ischemia: Am. J. Cardiol., 

' 24:766, 1969. 

5. Cooper, R.: Director of National Institute of Health (Personal 

Communication Feb. 1971). 


en 


bo 


os 


AORTOCORONARY ARTERY BYPASS GRAFTS £85 


hed 


6. Forrester, J. S., Helfant, R. H., Pasternac, A., Amsterdam, 
E. A. Most, A. S., Kemp, H. G. and Gorlin, R.: Artrial 
Pacing in Coronary Heart Disease. Effect on Hemody- 
namics, Metabolism, and Coronary Circulation: Am. J. 
Card., 27:237, 1971. 


7. Glanelli, S., Jr., Conklin, E. F., Ayres, S. M., Nueller, H. and 
Gregory, J.: Coronary Sinus Canulation at Surgery for Post- 
operative Myocardial Metabolic Studies. Ann. Thorac. Surg., 
5:371, 1968. 


8. Krasnow, N. and Gorlin, R.: Myocardial Lactate Metaboliszr: in 
Coronary Insufficiency: Ann. Intern. Med., 59:781, 1963. 


9. Opie, L. H. et al.: Value of Lactates. Europ. J. Clin. Invest. 
1:295, 197]. 


10, Report of Inter Society Commission For Heart Disease Re- 
sources: Primary Prevention of Atherosclerotic Diseases, 
Prepared by the Atherosclerotic Study Group and the 
Epidemiology Study Group: Circulation 42:A55-A94, 1970. 
Jeramiah Stanler, Chairman (ASSG) and Abraham M. 
Lillinfeld ( ESG). 





Books Received 
(Continued from page 644) 


Center: A History of Medicine at Duke University to 
1941. Duke University Press, 249 pages, 1972, $8.75. 

Edited by: Robert J. Levine: Clinical Research. Vol. 
XX, No. 3. American Federation for Clinical Research, 
655 pages, 1972, $5.00. 

Day, Stacey B., MacMillan, Bruce C., Altemeier, Wil- 
liam A: Curling’s Ulcer: An Experiment of Nature. 
Charles C Thomas, 286 pages, 1972, $17.50. 

Edited by: von Kaulla, K. N., M.D.: Coagulation 
Problems in Transplanted Organs. Charles C Thomas, 
190 pages, 1972, $16.50. 

Edited by: Póschl, M.: Handbuch der Medizinischen 
Radiologie (Encyclopedia of Medical Radiology) Vol. 4. 
Springer-Verlag, 824 pages, 1971, $132.50. 

Edited by: Nora, Paul F., M.D., Ph.D.: Operative 
Surgery: Principles and Techniques. Lea and Febiger, 
1106 pages, 1972, $58. 

Lowenfels, Albert B., M.D.: The Alcoholic Patient in 
Surgery. Williams and Wilkins Company, 268 pages, 
1971, $14.00. 

Edited by: Harris, Maureen, Ph.D.: Early Diagnosis 
of Human Genetic Defects. U.S. Government Printing 
Office, 229 pages, 1970, $2.50. 

Toner, P. G., Carr, K. E., Wyburn, G. M.: The Diges- 
tive System: An Ultrastructural Atlas and Review. Apple- 
ton-Century-Crofts, 303 pages, 1971, $33.50. 

Wolff, Dorothy, A.B., M.A., Ph.D. D.Sc., Bellucci, 
Richard J., B.S., M.S., M.D., Eggston, Andrew A., B.S., 
M.D.: Surgical and Microscopic Anatomy of the Tem- 
poral Bone. Hafner Publishing Co., 579 pages, 1971, 
$24.50. 


Becker, R. Frederick, Ph.D., Wilson, James W., Ph.D., 
M.D., Gehweiler, John A., M.D.: The Anatomical Basis 
of Medical Practice. The Wiliams and Wilkins Co., 
907 pages, 1971, $23.50. 

Vaughan, Daniel, M.D., Asbury, Taylor, M.D., Cock, 
Robert, M.D.; General Ophthalmology. Lange Medica! 
Publications, 316 pages, 1971, $8.00. 


Edited by: AlSarraf, Muhyi, M.D., F.R.C.P. (C): 
Immunosuppressive Therapy Journal Articles. Medica 
Examination Publishing Co., Inc, 505 pages, 1971, 
$20.00. 

Edited by: Brunson, Joel G., M.D., Gall, Edward A. 
M.D.: Concepts of Disease: A Textbook of Human 
Pathology. Macmillan Co., 1134 pages, 1971, $23.95. 

Pipkin, Garrett, M.D., Buhler, Victor, M.D.: The IL 
ness of Trauma. Charles C Thomas, 167 pages, 1971, 
$12.75. 


Edited by: Hardy, James D., M.D., F.A.C.S.: Critica 
Surgical Illness. W. B. Saunders Co., 679 pages, 1971 
$28.00. 

Edited by: Barker, Harold G., M.D.: The Structure 
and Support of Contemporary Residency Programs ir 
Surgery. Charles C Thomas Co., 290 pages, 1971, $12.50 

Edited by: Boley, Scott J., M.D.: Vascular Disorders 
of the Intestine. Appleton-Century-Crofts, 657 pages. 
1971. 

Edited by: Irvine, W. T., B.Sc., M.D., Ch.M,, F.R.CSS. 
F.R.C.S. (Ed.): Modern Trends In Surgery-3. Appletcn- 
Century-Crofts, 325 pages, 1971, $15.00. 


New Methods in the Management of Extruded and Infected 


HE SUCCESSFUL DEVELOPMENT of implantable cardiac 
eae has introduced various mechanical and 
technical problems that occasionally require revision or 
removal of the pacemaker and leads. Certain problems, 
such as wire breakage and generator failure, are gradu- 
ally diminishing in frequency with improvements in 
engineering and materials. Regardless of such improve- 
ments, however, extrusion or infection of pacemakers will 
continue to occur as a result of the various tangible and 
intangible factors that can result in the infection of any 
surgical wound, and which are enhanced by the presence 
of a large “foreign body”. Such problems occur in all 
large series of pacemaker insertions with considerable 
variation in incidence. The usual methods of management 
have been based on experience with infections associated 
with “foreign bodies” in other body sites. Such experi- 
ence dictates the removal of all “foreign” material, and 
the insertion of a new pacemaker at a different site, pref- 
erably after eradicating the original infection.! This ap- 
proach inevitably causes difficulty in maintaining un- 
interrupted pacing between the above two stages. 

We have successfully treated four patients seen with 
extruded or infected pacemakers in the past 5 years 
without removing the existing pacemaker. The advan- 
tages of this approach are self-evident since the need for 
an improvised and potentially unreliable method of in- 
terim pacing is avoided, there is substantial diminution 
in patient discomfort, inconvenience, and expense, and 
hospitalization is considerably shortened. This unusual 
approach is based on the premise that the materials en- 
casing standard commercial cardiac pacemakers are suf- 
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ficiently inert that they do not constitute a “foreign body” 
in the conventional sense. That is, there is no chronic 
inflammatory reaction associated with their implantation, 
and all interstices that might harbor bacteria are, or can 
be, eliminated. Thus, it is possible to eradicate an intec- 
tion in their presence, if certain principles are adhered 
to. Furthermore, in many cases, the fundamental cause 
of extrusion of the pacemaker is excessive tension of the 
overlying skin with ischemia and necrosis causing second- 
ary infecticn, rather than primary infection causing skin 
necrosis. If the contribution of this mechanism is ap- 
preciated and treated, a successful result can be achieved. 

This method has been used in patients with trans- 
venous or zransthoracic pacemakers in whom the infec- 
tion was clinically limited to the generator capsule and/or 
the extrathoracic portion of the electrode. We would 
not use these technics in patients with generalized sepsis 
or evidence of intrathoracic infection (manifested by 
pleural or pericardial effusion etc.), although we have 
not yet encountered such problems in our clinic, Further- 
more, this approach should not be used in patients whose 
systemic Cefense mechanisms are suppressed by exo- 
genous adrenal steroids or immunosuppressive drugs, 
or by the 2resence of malignancy or severe diabetes. 


Methods 


Patients with extruded or infected pacemakers are 
examined to make certain that the above requirements 
are satisfied. Appropriate culture of any drainage is ob- 
tained and if any fluctuance is present without drainage 
the pocket is aspirated and cultured. Parenteral methicil- 
lin and kanamycin are begun in high doses unless al- 
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lergies indicate alternative antibiotics; these selections 
may be altered in accordance with subsequent culture 
and sensitivity reports. The morning after initiating anti- 
biotic treatment the patient is taken to the operating 
room and the infected pocket is explored under local 
anesthesia through an incision large enough to permit 
temporary dislocation of the pacemaker. If the original 
incision is inflamed, a 3-4 mm. wide strip is excised from 
each edge and this incision is used to explore the pocket. 
If there is a draining sinus tract, or the pacemaker is 
extruding through a new site but the original incision is 
well healed, the incision is planned so that the inflamed 
tract or edges are widely excised. The pacemaker is dis- 
located and if it is of the unipolar type pacing is main- 
tained by suitable grounding. The pocket is thoroughly 
cleaned of all purulent material and fibrin accumulations 
with gauze sponges. Any areas of inflamed or grossly 
infected tissue are completely excised. If the entire 
fibrous capsule is red and inflamed, it may be excised 
completely, The pocket is then enlarged as necessary 
to ensure subsequent closure completely without tension. 
Absolutely total hemostasis is obtained with the elec- 
trocautery to avoid leaving any blood or foreign ligature 
material in the pocket. We have never encountered pace- 
maker dysfunction from the use of the electrocautery in 
pacemaker insertions or revisions, despite theoretical con- 
siderations. (An external pacemaker with sterile connect- 
ing wires is available at all times, nonetheless.) If there is 
residual suture material in the capsule it is completely 
removed. A sponge soaked in Bacitracin solution (50,000 
units/250 cc. normal saline) is inserted into the pocket 
and attention is directed to the pacemaker. If there are 
any ligatures on the pacemaker they are removed. The 
common practice of ligating the site of entry of the elec- 
trode into the Medtronic generator should be abandoned, 
since this ligature constitutes the only real “foreign body” 
and potential nidus for bacteria. The pacemaker is then 
thoroughly washed in Bacitracin solution, and the pocket 
is then also thoroughly irrigated with Bacitracin. This 
amount of Bacitracin has virtually no toxicity in topical 
use.” (Proteus and pseudomonas organisms have not been 
encountered, but they are insensitive to Bacitracin, and 
the irrigating solution should be changed if they are 
present.) The pacemaker is reinserted and the clean 
wound edges are approximated with a deep layer of 
2-0 chromic catgut and a superficial layer of 3-0 chromic 
catgut. Chromic catgut is used so that ultimately there 
will be no residual foreign suture material, but plain 
catgut is avoided since it incites a more intense inflam- 
matory reaction than chromicized catgut in which the 
foreign proteins are more denatured and therefore more 
inert. (We have not tried polyglycolic acid sutures.) 
Just prior to final closure, the tip of an irrigating syringe 
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Fic. 1. Photograph of healed incisions in patient 2 two weeks post- 
operatively. The vertical incision is the newly closed area through 
which the pacemaker had extruded. Note that the pacemaker is 
now below this point following enlargement of the pocket, so 
that all tension is relieved. 


is inserted between two sutures, and the pocket is filled 
with Bacitracin solution. The skin is closed with sterile 
skin tapes, with wire, or with monofilament synthetic 
sutures. A sterile dressing with very mild compression 
is applied, and parenteral antibiotics are continued post- 
operatively for at least one week. 


Clinical Experience and Results 


The first patient in whom this technic was used was 
seen 5 years ago. Six months after the insertion of a 
pacemaker through the right external jugujar vein the 
catheter loop in the neck eroded through the skin and a 
culture grew Staphylococcus epidermidis. The pocket 
was enlarged to relieve tension, and closed as described 
above. One year later, at the time of elective generator 
change there was no evidence of infection. She has since 
been lost to follow-up. 

The second patient, an 81-year-old man, was seen in 
February, 1970, three months after the insertion of a pace- 
maker through the left cephalic vein, and 3 weeks after 
a cerebrovascular accident which caused complete ex- 
pressive and partial receptive aphasia with a dense right 
hemiparesis. The generator had eroded through the 
skin below the left clavicle, and a culture grew S. epider- 
midis. Plans to manage this problem were complicated 
by the uncertain prognosis. The simplest proposal was the 





Fic. 2. Photograph of infected pacemaker in patient 3. Note that 
the incision is over the generator and is under tension. 


plan described above, and it resulted in complete healing 
(Fig. 1). Fifteen months later, in June, 1971, a routine 
generator change revealed no evidence of infection. 








Fic. 3. Patient 3 two weeks after reoperation. The pocket has been 


enlarged so that the pacemaker is now below the incision and 
tension has been relieved. 
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The third patient was a 2-year-old girl who required 
a pacemaker in December, 1970, for congenital heart 
block with multiple syncopal episodes. Two and one 
half weeks later the thoracic incision was infected, and 
cultures grew S. epidermidis sensitive only to methicillin 
and cephalothin. The incision over the generator was 
clinically infected as well, and the generator was exposed 
(Fig. 2). The next day the thoracic incision was opened 
widely for drainage and the pacemaker capsule was 
treated as described above. The incisions healed com- 
pletely (Fig. 3), and when seen 6 months later (June, 
1971), were still free of infection. 

The last patient underwent transvenous pacemaker 
insertion elsewhere and the pacemaker was subsequently 
repositioned to stop stimulation of the pectoralis muscle. 
Three months prior to admission (1-year following im- 
plantation), he noticed a furuncle in the skin overlying 
the generator. Fluctuance gradually developed, and when 
spontaneous purulent drainage appeared he sought ad- 
mission. He was treated in the same manner as the other 
patients and did well. This was the only patient in whom 
the period of neglect was so prolonged that the entire 
generator capsule was inflamed and required complete 
excision. 


Discussion 


Extrusion and infection of pacemakers has occurred 
infrequently in our clinic, despite the fact that all trans- 
venous pacemakers are inserted in the catheterization 
laboratory rather than in the operating room. We rou- 
tinely administer parenteral antibiotics pre and post- 
operatively, but use no unusual operative technics. In the 
past 2 years, there have been 84 primary pacemaker in- 
sertions and 56 generator replacements at the University 
of Oregon Medical School Hospitals. There have been 
three cases of extruded or infected pacemakers during 
this period, two of which are discussed above. (In the 
other two cases reported the pacemakers had been in- 
serted at other hospitals.) The third case of infection was 
in a patient in renal failure on chronic hemodialysis at 
the time of the original pacemaker insertion. He subse- 
quently underwent renal transplantation and received 
chronic immunosuppressive drug treatment. Six months 
later he was noted to have pus in the pacemaker pocket. 
The infection was attributed to known infection of his 
A-V shunt with numerous documented bacteremias prior 
to transplantation. Because of the immunosuppressive 
drugs, the methods described above were not employed. 

The indications for using the plan described in this 
report have been progressively broadened as experience 
has been gained. In the first case discussed earlier, only 
a small area of the catheter electrode had extruded, in- 
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flammation was minimal, and the procedure was quite 
conservative. In the second case, the patient's general 
condition dictated a simple approach. These two cases 
provided impetus for the last two, in which infection was 
grossly apparent, and the proposal to use these technics 


‘seemed radical on first analysis. Nonetheless, a success- 


ful outcome resulted, and the savings in discomfort, in- 
convenience, expense, time, and the risk of interrupted 
pacing were considerable: 


Summary 
Traditional methods of managing extruded or infected 
pacemakers involve removal of the existing pacemaker 
and the insertion of a new one at a different site. This 
report indicates that these problems can be successfully 


managed without removal or repositioning of the pace- 
maker by appropriate debridement, antibiotic steriliza- 
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tion of the infected pocket and pacemaker, closure with 
out tension, and systemic antibiotic therapy. The metho 
succeeds because the niaterials encasirig pacemakers arı 
sufficiently inert that they do not constitute a “foreign 
body” in the traditional sense. 


Addendum 


Since submission of this manuscript, patient No. 3 ha 
undergone an elective generator change. There was n 
evidence of infection. 
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Book Review 


Diseases of the Breast, Second Edition; Author, C. D. 
Haacensen, M.D. 829 pp, 74 X 104, 577 illustra- 
tions, publication date, May, 1971. $35.00. Publisher, 
W. B. Saunders, Phila., Pa. 19105. 


Ix September of 1956 Dr. Haagensen published the 
irst edition of this book pointing out that the conclu- 
sions were based upon an analysis of data accumulated 
at the Columbia-Presbyterian Medical Center from 1915 
through 1955 which represented a synthesis of what he 
had learned in 25 years of specialized effort in manage- 
ment of diseases of the breast. Over the intervening 
15 years his experience has grown and this second edition 
is a most worthy and timely volume. Dr. Haagensen 
believes that the most noteworthy developments between 
the two editions are limited to newer methods of diag- 
nosis, particularly radiography, and an appreciation of 
the significance of certain lesions as pre-cancerous. 

The organization of the book is not substantially 
changed. This volume also begins with a consideration 
of the anatomy and normal physiology and proceeds to 
cover abnormalities of growth, secretion and lactation, 
as well as a review of the woman's role and the phy- 
sician's role in the detection of breast disease. Cystic 
disease of the breast is presented in some detail and 
then a variety of benign lesions and infections. The 
largest section covers cancers of the breast including 
natural history, symptomatology, diagnosis, classification, 
surgical therapy, and other forms of treatment such as 
radio-therapy, hormonal treatment and chemotherapy. 
An up-to-date chapter on carcinoma of the male breast 
is the final offering. 

The book is beautifully illustrated and there are 
abundant photographs, gross and histologic, of the 
lesions presented. The chapters are individually refer- 
enced in which classic early works and the most recent 
articles are cited. 

Dr. Haagensen has had a very large experience in 
managing diseases of the breast and therefore every 
conceivable lesion receives adequate and usually exhaus- 
tive review. As an example, Mondor's disease ( thrombo- 
phlebitis of the superficial veins of the breast) is con- 
sidered in its own chapter with 14 references to this 
entity. Each of the individual kinds of cancer (lobular, 
small cell, papillary, Pagets, etc.) are separately re- 
viewed. 
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Dr. Haagensen discusses the question concerning the 
relationship between cystic lesions and cancer. By carcful 
analysis of his data and data from other institutions 
he concludes that there is a statistically significantly 
higher incidence of breast cancer in those who pre- 
viously underwent cyst excision. Unfortunately another 
timely area, that of the familial incidence of breast 
cancer is not investigated or discussed nearly so fully. 

The preface emphasized that this work is based pri- 
marily on an analysis of the authors experience and 
understandably he devotes most of his description of 
operative therapy to his own modification of the Halsted 
radical mastectomy. One will not find here a compendium 
of various operative approaches to the management of 
breast cancer; in fact, it is clear that the author does 
not hold in much esteem procedures which extend the 
radical mastectomy or those which would do less. In 
any comparison of results of varying operative pro- 
cedures, Dr. Haagensen's large number of patients metic- 
ulously classified and uniformly treated surely represent 
a reference point in judging results. Even in some areas 
in which his conclusions seem based more on opinion 
(“from the patients point of view the price she paid 
in mutilation and in morbidity is not appreciably greater 
for radical mastectomy than for simple mastectomy’ ) 
one must none-the-less respect such opinion because 
of the large experience from which it is gleaned. 

In summary, this book should take its rightful place 
as one of the most definitive and complete works on 
the subject. It is clearly written, easy to read, and well 
illustrated. In so many books conclusions are based on 
accumulated data from multiple sources and represent 
an amalgamation of differing view points. What makes 
this such a strong work is that it is the experience of 
a single man who applies careful criteria in the interpre- 
tation of his results and who brings to a large mass of 
data the value of a uniform guiding hand and mind. 
This book should be of interest to all who are involved 
in any way with the care of patients who have disease 
of the breast. 


Francis E. Rosato, M.D. 
Associate Professor of Surgery 
University of Pennsylvania 
School of Medicine 
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As with any laxative, abdominal cramps are occasion- 
ally noted. Dulcolax is contraindicated inthe acute surgical abdomen. 


Dulcolax*..the cure for enemaphobia 


bisacodyl NF 
Under license from Boehringer Ingelheim G.m.b.H. GEIGY Pharmaceuticals, Division of CIBA-GEIGY Corporation, Ardsley, New York 10502 
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She probably doesn’t know 
about stool softeners, unless 
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Surfak is the one-a-day 
stool softener that really 
works. 


Without distention... 

Without adding bulking 
agents or sodium 
to the system. 
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Surfak 


(dioctyl calcium sulfosuccinate) 


The one-a-day stool softener 


Available in 240 mg. capsules 
from pharmacies on your recommendation 
or prescription 






fa. HOECHST 


Description: Keflin® (sodium cephalothin, 
Lilly) is a semisynthetic cephalosporin an- 
tibiotic for parenteral use. It is the sodium 
salt of 7-(thiophene-2-acetamido) cephalo- 
sporanic acid. The sodium content is 55 
mg. per Gm. of cephalothin. 


Actions: The bactericidal action of cepha- 
lothin results from inhibition of cell-wall 
synthesis. In-vitro and in-vivo activity has 
been demonstrated against strains of the 
following micro-organisms: 
Staphylococcus aureus (penicillin-sen- 
sitive and penicillinase-producing) 
Beta-hemolytic and other streptococci 
(many strains of enterococci, e.g., 
Streptococcus faecalis, are relatively 
resistant) 
Pneumococci 
Clostridia 
Hemophilus influenzae 
Neisseria gonorrhoeae 
Escherichia coli and other coliform bac- 
teria 
Klebsiella-Aerobacter sp. 
Proteus 
Salmonella sp. 
Shigella sp. 


Indications: Keflin is indicated in the treat- 
ment of serious infections of the respira- 
tory tract, genito-urinary tract, soft tissue 
and skin, gastro-intestinal tract, bones and 
joints, bloodstream, and cardiovascular 
system due to susceptible organisms. Also, 
it has beeh effective in cases of peritonitis, 
septic abortion, and staphylococcus and 
pneumococcus meningitis. Effectiveness 
has not been established in other types of 
meningeal infection. 

Appropriate culture and susceptibility 
studies should be performed to determine 
susceptibility of the causative organism 
to Keflin. 


Contraindication: Keflin is contraindicated 
in persons who have shown hypersensitiv- 
ity to cephalosporin antibiotics. 
Warnings: IN PENICILLIN-SENSITIVE PA- 
TIENTS, CEPHALOSPORIN C DERIVATIVES 
SHOULD BE USED WITH GREAT CAUTION. 
THERE IS CLINICAL AND LABORATORY EVI- 
DENCE OF PARTIAL CROSS-ALLERGENICITY 
OF THE PENICILLINS AND THE CEPHALO- 
SPORINS. INSTANCES OF PATIENTS WHO 
HAVE HAD SEVERE REACTIONS TO BOTH 
DRUGS, INCLUDING DEATH FROM ANAPHY- 
LAXIS, HAVE BEEN REPORTED. 

Any patient who has demonstrated some 
form of allergy, particularly to drugs, 
should receive antibiotics cautiously and 
then only when absolutely necessary. No 
exception should be made with regard to 
Keflin. 


Usage in Pregnancy—Safety of this prod- 
uct for use during pregnancy has not been 
established. 


Precautions: Patients should be followed 
carefully so that any side-effects or un- 
usual manifestations of drug idiosyncrasy 
may be detected. If an allergic reaction to 
Keflin occurs, the drug should be discon- 
tinued and the patient treated with the 
usual agents (e.g., epinephrine, antihista- 
mines, pressor amines, or corticosteroids). 
When Keflin is administered to patients 
with transient or persistent reduction of 
urinary output due to impaired renal func- 
tion, the total daily dose should be re- 
duced. Careful clinical observation and 
laboratory studies should be made, be- 
cause higher and more prolonged sys- 
temic antibiotic concentrations can occur 
(see Administration and Dosage below). 
When intravenous doses of cephalothin 
larger than 6 Gm. daily are given by infu- 
sion for periods longer than three days, 
they may be associated with thrombophle- 
bitis, and the veins may have to be alter- 
nated. The addition of 10 to 25 mg. of 


hydrocortisone to intravenous solutions 
containing 4 to 6 Gm. of cephalothin may 
reduce the incidence of thrombophlebitis. 
The use of small I.V. needles in the larger 
available veins may be preferred. 

Prolonged use of Keflin® (sodium ceph- 
alothin, Lilly) may result in the overgrowth 
of nonsusceptible organisms. Constant ob- 
servation of the patient is essential. If 
superinfection occurs during therapy, ap- 
propriate measures should be taken. 

A false-positive reaction for glucose in 
the urine may occur with Benedict's or 
Fehling's solution or with Clinitest® tablets 
but not with Tes-Tape® (urine sugar anal- 
ysis paper, Lilly). 


Adverse Reactions: Hypersensitivity— 
Maculopapular rash, urticaria, reactions 
resembling serum sickness, and anaphy- 
laxis have been reported. Eosinophilia and 
drug fever have been reported as asso- 
ciated with other allergic reactions. These 
reactions are most likely to occur in pa- 
tients with a history of allergy, particularly 
to penicillin. 


Blood—Neutropenia and hemolytic ane- 
mia have been reported. Some individuals, 
particularly those with azotemia, have de- 
veloped positive direct Coombs tests dur- 
ing cephalothin therapy. 


Liver—Transient rise in SGOT has been 
reported. 


Kidney—Rise in BUN has been observed; 
however, some patients with elevated BUN 
at the beginning of cephalothin therapy 
have had values return to normal during 
therapy. 











Local Reactions—Pain, induration, ten- 
derness, and elevation of temperature have 
been reported following repeated intra- 
muscular injections. Thrombophlebitis has 
occurred and is usually associated with 
daily doses of over 6 Gm. given by infusion 
for more than three days. 


Administration and Dosage: /n adults, the 
usual dosage range is 500 mg. to 1 Gm. of 
cephalothin every four to six hours. A dos- 
age of 500 mg. every six hours is adequate 
in uncomplicated pneumonia, furunculosis 
with cellulitis, and most urinary tract in- 
fections. In severe infections, this may be 
increased by giving the injections every 
four hours or, when the desired response 
is not obtained, by raising the dose to 
1 Gm. In life-threatening infections, doses 
up to 2 Gm. every four hours may be re- 
quired. 


Ininfants and children, the dosage should 
be proportionately less in accordance with 
age, weight, and severity of infection. Daily 
administration of 50 mg. per Kg. (40 to 80 
mg. per Kg. or 20 to 40 mg. per pound) in 
divided doses has been found effective for 
most infections susceptible to Keflin. 


For additional information regarding 
dosage and administration, see package 
literature. 


How Supplied: Ampoules Keflin® (Sterile 
Sodium Cephalothin, U.S.P.), equivalent 
to 1 Gm. cephalothin, 10-ml. size, rubber- 
stoppered; equivalent to 2 Gm. cephalo- 
thin, 100-ml. size, rubber-stoppered; 
equivalent to 4 Gm. cephalothin, 50-ml. 
size, rubber-stoppered. [031971] 
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Keflin LV. 
sodium cephalothin 


2 Gm. * in 100-ml. ampoule 
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| Keflin was made available for 
clinical investigation early in 1962 and 
was marketed on September 4, 1964. 
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Since the introduction of Keflin, 

the susceptibilities of commonly 
encountered organisms, as measured 
by in-vitro methods, have not 
changed significantly. 


*equivalent to cephalothin 
Please turn page for prescribing information. 
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Intrahepatic Revascularization Following Direct Vascular 


Implantation 


HARRY S. GOLDSMITH, M.D.,* JOSE CASTILLO, M.D.,** EDGARDO S. ALDAY, M.D.*** 


INEBERG, in 1946, showed that a solid organ, such as 
V the heart, could accept pulsatile blood flow from 


the cut end of an artery previously placed in the cardiac . 


parenchyma.* Subsequently, it has been shown that other 
solid organs, such as liver, kidney? and skin, can 
also accept an arterial implant and, in fact, can survive 
solely by means of this surgically placed vascular source. 
This report demonstrates the anatomic and histologic 
changes that occur within the liver following direct 
arterial and/or venous implantation into the organ. 
Material and Methods 

The experiment involved 13 healthy mongrel dogs 
of varying weights and of both sexes. All animals were 
subjected to a laparotomy after being anesthetized with 
intravenous pentobarbitol. 


Group I (4 dogs) 


These dogs had a splenectomy after isolating the 
splenic artery and dividing its side branches up to the 
level of the splenic hilum. The splenic artery averaged 
7-10 cm. in length which allowed its implantation into 
any area of the liver. For uniformity, the splenic artery 
was placed within the left lateral lobe through a 4-5 cm. 
oblique tunnel. Multiple puncture wounds were created 
at the distal end of the vascular implant, following which 
the vessel was allowed to retract back into the liver 
(Fig. 1). 

Group II (5 dogs) 

These animals had a splenectomy after careful isola- 

tion of the splenic vein. A Goldblatt clamp was placed 
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around the portal vein which was partially constricted, 
following which the splenic vein was implanted into the 
liver in a fashion identical to that of the dogs in Group 
I. The Goldblatt clamp was applied in order to raise the 
portal pressure, since it had been previously observed 
in past experiments that an implanted splenic vein did 
not remain patent within the hepatic parenchyma unless 
there was some degree of portal hypertension.’ 


Group III (4 dogs) 


In these animals, the splenic artery and vein were 
isolated as a vascular pedicle without separation of the 
respective vessels. Following splenectomy, the splenic 
vascular pedicle was implanted as a unit into the liver 
in the same manner as done in Group I and II. 

The dogs in all three groups had the abdomen closed 
in a routine fashion without peritoneal drainage. For the 
first three postoperative days, 5 cc. of Combiotic® (one 
million units of procaine penicillin-G and 1.5 grams of 
dyhydrostreptomycin daily) was administered. No other 
supportive care was given, and the dogs were placed on. 
a regular diet on the day following operation. 


Results 


Group I 

All dogs were subjected to another laparotomy 8 weeks 
following the direct arterial implantation of the splenic 
artery into the liver. All the implants were found to be 
functional. 


Group II 


Cne dog in this group was reoperated upon 3 weeks 
after splenic vein implantation, at which time the splenic 
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Fic. 1, Multiple punctures being made in distal end of vascular 
pedicle prior to its retraction into the liver. 


implant was found to be functioning. This observation 
coincided with what had been observed in previous 
studies; namely, that an implanted splenic vein remained 
functional at 2 to 3 weeks provided portal hypertension 
was present. However, when the other four dogs com- 
prising Group II were reoperated upon 8 weeks after 
splenic implantation into the liver, none of the implanted 
veins in these animals were functioning because of exten- 





Fic, 2. Selective arteriogram with arrow pointing to implanted 
splenic artery. Note widespread vascular connections. 
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Fic. 3. In vitro venogram with contrast material being injected 
through venous implant. Note Goldblatt clamp used for increasing 
portal pressure. Bubbles in venous channels caused by failure to 
eliminate air from injecting svringe. 


sive perivenous fibrosis. This raised the question as to 
why a venous implant remains open for several weeks 
but thromboses at several months, in spite of the presence 
of portal hypertension. There are probably two explana- 
tions for this: (1) The portal hypertension which initially 
forces portal blood into the liver through the venous 
implant eventually falls toward a normal portal pressure 
as new channels for portal decompression develop, and 
(2) Isolating the splenic vein for implantation probably 
damages the vasa vasorum of the vessel which results 
in perivenous reaction, fibrosis, and eventual obstruction 
of the vessel. 


Group III 

Dogs in this group were reoperated upon 8 weeks 
following splenic artery and vein implantation into the 
liver. All the implanted arteries and veins were found 
to be functioning. This observation raised the question 
as to why venous implants in this group were function- 
ing at 2 months as compared to the closure of the vein 
implants in Group II. There are probably two explana- 
tions for this: (1) The dogs in this group did not have 
their splenic vein surgically disturbed by separating it 
from the splenic artery. Failure to traumatize the im- 
planted vein diminished the possibility of damaging the 
vasa vasorum of the vessel and causing subsequent peri- 
venous fibrosis. (2) The technic for implanting a vascular 
structure into the liver requires making multiple perfora- 
tions into the distal end of the vascular implant. These 
puncture openings through the vascular pedicle in the 
dogs in Group III most likely resulted in small arterio- 
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Fic. 4A. (top, left) Polyethylene catheter inserted into arterial implant. Red latex distributed through liver. 

Fic. 4B. (top, right) Close-up of cut section of 4A, Note widespread distribution of latex material far distant from implanted 
artery, 

Fic. 5A, (center, left) Polyethylene catheter inserted into venous implant. Blue latex observed throughout liver. 

Fic. 5B. (center, right) Close-up of cut section of 5A showing widespread hepatic distribution of injected latex, 

Fic. 6. (bottom, left) Corrosion cast model showing splenic artery implant in left upper corner forming extensive connections be- 
tween intrahepatic arterial system, 

Fic. 7. (bottom, right) Corrosion cast model of liver with arterial and venous implants entering on right side. White substance in 
liver is contrast material which was injected for angiographic study prior to latex injection. 
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Fic. 8. Photomicrograph 
of implanted vascular 
pedicle. Artery in upper 
left corner. Liver is es- 
sentially negative. On 
right side is tangential 
section of implanted vein. 
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venous connections between the splenic artery and vein. Hepatic Revascularization 

The blood flow from the high pressure splenic artery into Four technics were used to demonstrate the presence 
the splenic vein probably was a contributing factor in and degree of intrahepatic revascularization that occurs 
the long-standing patency of the implanted splenic vein. following direct vascular implantation into the liver. 


Fic. 9. Arrows point to 
red latex material in 
small arterioles. No latex 
observed in any veins. 
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X-Ray 

In vivo angiography demonstrated the ability of an 
implanted splenic artery to develop widespread vascular 
connections following implantation (Fig. 2). In vitro 
angiography in the one dog in Group II who was found 
to have a functioning venous implant showed extensive 
venous connection within the liver (Fig. 3). 


Latex Injection Studies 


At the time the dogs were sacrificed, the arterial and 
venous implants in the liver were cannulated with a 
small polyethylene catheter. Heparinized saline was per- 
fused through these catheters, following which 15-20 
cc. of a red and/or blue liquid latex material * was in- 
jected; the color of the latex depending upon whether 
the injected vessel was an artery or vein, Subsequent 
examination of the liver showed the vascular system of 
the entire organ to be filled with this latex material 
(Figs. 4A, 4B, 5A, & 5B). 


Corrosion Cast Models 


Liquid latex material was injected through a vascular 
implant. The latex-injected livers were then placed in 
concentrated hydrochloric acid for 48 hours, during 
which time the liver was completely digested except for 
its latex-filled vascular tree. The resulting corrosion cast 
model showed that the vascular implant had developed 
extensive connections with intra-hepatic vessels (Figure 
6). Dogs in Group HI who had both an artery and vein 
implant, showed no apparent intrahepatic vascular con- 
nections between the arterial and venous system (Fig- 
ure 7). 


Histology 


Histologic sections were taken from the liver of dogs 
in the three experimental groups. The presence of a 
vascular implant within the liver caused no untoward 
reaction, as evidenced by a lack of inflammatory or 
fibrotic reaction around the implant (Fig. 8). Red latex, 
which had been injected through the arterial implant, 
was confined solely to the hepatic arterial system down 
to and including small arterioles (Fig. 9). Blue latex, 
which had been injected through venous implants was 
confined solely within the hepatic venous system down 
to and including the small, centrally located venules. No 
mixing of red and blue latex was seen microscopically, 


Discussion 


The ability to introduce a large volume of blood 
directly into the liver by a simple non-anastomotic im- 
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plant technic raises the question as to how this procedure 
might be of clinical use. One area for possible exploration 
is liver revascularization for the purpose of expanding 
the surgical approach to malignant tumors of the liver, 
gallbladder, and extrahepatic bile ducts. Presently, one is 
confined in the surgical treatment of large hepatic tumors 
by the necessity of maintaining the blood supply to the 
nonresected portion of liver, regardless of the proximity 
of the tumor. Being able to place a new blood vessel in 
the liver prior to major hepatic resection might make it 
possible to remove a large portion of liver, including 
both hepatic arteries if required. Extensive hepatic ex- 
cisions, including interruption of the portal vein and 
hepatic artery, have already been successfully performed 
in dogs with the nonresected liver remnant remaining 
viable and regenerating by way of its extrahepatic vas- 
cular implant. 

Performance of a portal systemic shunt is useful for 
many patients with hematemesis secondary to portal 
hypertension and esophageal varices. However, progres- 
sive hepatic insufficiency frequently occurs after the 
shunt; most likely the result of decreased blood flow to 
the liver. Perhaps, in the future, an extrahepatic vascular 
source could be placed in the liver simultaneously with 
or subsequent to the creation of a portal systemic shunt 
in order to compensate for the blood which is rerouted 
away from the liver by the shunt procedure. 

Hematemesis in small children secondary to portal 
vein thrombosis continues to be a major problem in 
pediatric surgery; the reason being that the performance 
of any type of portal systemic shunt in children is ex- 
tremely difficult. Dogs in Group II of this study did not 
maintain long-term patency of their venous implant, 
probably because of development of collateral venous 
channels which lowered the portal pressure. However, 
this situation would not be comparable in a child with 
hematemesis secondary to portal hypertension, since the 
collateral venous channels, already challenged by a high 
portal pressure, have proven inadequate in decompress- 
ing the portal system. There is therefore the possibility 
that implanting a large vein, such as the splenic, into the 
liver of these children might be a simple method for 
decompressing their portal hypertension without the 
need for carrying out a portal systemic shunt.* 

Another clinical area where vascular implantation into 
the liver might be useful is following inadvertent surgical 
damage to the hepatic artery. Placement of a new arterial 
source into the porta hepatis could deliver the critical 
volume of blood needed for hepatic survival following 
hepatic artery interruption. 


Summary 


This study demonstrated the ability of the liver to ac- 
cept an extrahepatic arterial and/or venous implant 
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which had been placed directly into the liver by a simple 
non-anastomotic technic. Vascular connections developed 
between the implant and the hepatic vascular system 
without the liver being injured by the implantation 
procedure. Several clinical possibilities were discussed 
where this procedure might be of use. These included 
the ability to extend surgical excisions for malignant 
tumors of the liver, gallbladder, and extrahepatic biliary 
system; as a method of redirecting additional blood to 
the liver following a portal systemic shunt or inadvertent 
injury to the hepatic artery; and as a method of decom- 
pressing the portal system of children with portal vein 
thrombosis. 


GOLDSMITH, CASTILLO AND ALDAY 


Ann, Surg. * Dec. 1972 
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Book Review 


Transplant—The Give and Take of Tissue Transplanta- 
tion, by Francis D. Moore, M.D., pp. 364, Simon 
& Schuster, Inc; New York, New York—1972 ($9.95). 


In this excellent sequel to his 1963 volume, “Give 
and Take”, the author, an internationally recognized 
leader in academic surgery has provided a concise and 
unusually well organized overview of the current status 
and future potential of organ transplantation. The book 
is divided into 15 chapters, some of which detail the 
historic contributions of the Peter Bent Brigham Hos- 
pital to transplantation, and place these contributions 
within the overall context of worldwide scientific prog- 
ress in trafisplantation biology and medicine. l 

The elegant literary style of this book provides for 
easy reading—a quality all too often lacking in medical 


publications. The readers interest is also enhanced by 
the many questions raised by the author, and by Dr. 
Moore's attempts to reply to some of these issues in 
the light of recent progress. References to early pioneers, 
such as Ullman, Carrell and Holman and many others 
are a particularly attractive feature of this volume. 
“Transplant” constitutes an important achievement 
which should be of great value to physicians and scien- 
tists, who wish to become better acquainted with trans- 
plantation biology and medicine. It should be of special 
interest to medical students and residents. This book 
constitutes a significant milestone in the dissemination 
of knowledge in transplantation. It also-contains a series 
of valuable references for further studies of this disci- 
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Testicular Complications Following Renal Transplantation 


ISRAEL PENN, M.D., GARY MACKIE, M.D., CHARLES G. HALGRIMSON, M.D., 


HE PROCEDURE first described by Küss* has become 
T standard technic when a kidney homograft is placed 
extraperitoneally in the iliac fossa through an inguinal 
incision.^!?^ In most transplantation centers the sperma- 
tic cord is divided routinely to facilitate exposure of the 
iliac vessels and urinary bladder. The prospects for a 
long postoperative life were so remote in the early 
years of renal transplantation that considerations of the 
morbidity from such details of the procedure were 
given little attention. This attitude can no longer be 
justified, now that long-term survival can be expected 
in the great majority of patients. 

The development of a hydrocele or testicular atro- 
phy has often been observed on the side of the trans- 
plant operation at the University of Colorado and 
Denver Veterans Administration Hospital The pres- 
ent study was undertaken to determine the frequency 
of these and other complications pursuant to division 
of the spermatic cord and to assess whether division of 
this structure should still be recommended. 


Methods 


Ninety male recipients of 98 renal homografts who 
were 3% to 54 years old at the time of transplantation, 
were interviewed and examined by at least two ob- 
servers from one to 8% years post-transplantation (mean 
3.2 years + 2.1 SD). Since bilateral inguinal opera- 
tions were performed in eight patients, there were 98 
testes at risk. Four patients with preoperative testicu- 
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lar lesions consisting of atrophy (three cases) or at- 
rophy on one side and a hydrocele on the other (one 
case) secondary to mumps or herniorrhaphy, however, 
were excluded, leaving 86 patients and 94 operative 
sites for analysis. In addition, 15 female renal recipi- 
ents who underwent 20 inguinal operations were sim- 
ilarly studied one to 7% years (3.2 + 1.7 SD) post- 
operatively, for evidence of complications after division 
of the round ligament of the uterus. The male and fe- 
male patients were selected only by their appearance 
in the outpatient clinics for routine follow-up. 


Results 


Females 


No lesions were found in the inguinal canal or 
the labium majus of the operated side(s). 


Males 


Of the 94 testes at risk 70 developed lesions in the 
postoperative period (74.5%) (Table 1). In addition, 
there was atrophy of the testis on the non-operated 
side in seven instances. In the majority of cases the 
lesions were asymptomatic and were discovered after 
closely questioning the patient or on examination of 
the scrotal contents. 

Sixty-two of the 86 patients developed post-trans- 
plantation hydroceles, in one instance they occurred 
bilaterally following transplantation. The complica- 
tion thus occurred in 67.0 per cent of the testes at risk 
(Table 1). Fifty-three of the hydroceles were of small 
or medium size and caused few or no symptoms, 10 
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TABLE 1. Incidence of Testicular Lesions Following Spermatic Cord 
Division at Renal Transplantation. Eight Patients had 
Bilateral Operations 





Total Patients 86 

Total Testes at Risk 94 
Hydrocele 63* (67%) 
Atrophy 13** (13.8%) 
Acute Necrosis 1 (1.1%) 
Recurrent Pain 2 (2.1%) 

Total Testes With Postoperative Lesions 70 (74.5%) 


7*** 


Atrophy on the Non-operated Side 


* Bilateral in one patient who had operations on both sides 
** In seven instances in association with hydrocele 
*** In 2 patients in association with atrophy on the operated side 


were large (greater than 10 x 5 cm.) and sympto- 
matic. The hydroceles appeared as early as 3 weeks 
after transplantation. They tended to persist indefi- 
nitely although an occasional patient stated that the 
swellings had decreased in size over a period of sev- 
eral months or years. 

Hydrocelectomy was performed in seven patients. 
One of the testes was found to be atrophic at operation 
and was removed. In another, the scrotal contents be- 
came infected following operation and orchiectomy be- 
came necessary. 

Eighteen of the 86 patients had testicular atrophy. 
In 11 instances the lesion was on the side of the trans- 
plantation, in five it was contralateral and in two, bi- 
lateral ( Table 1). In six cases the atrophy occurred in 
association with a hydrocele and in one it appeared 
after hydrocelectomy. Of the 11 patients with atrophy 
only on the side of transplantation, three gave a his- 
tory of a painful swelling of the testis which appeared 
soon after transplantation and was followed by shrink- 
age. One of the two patients with bilateral atrophic 
testes underwent both left and right sided inguinal 
incisions for transplantation. Postoperative atrophy, 
therefore, occurred in 13 of 94 testes (13.82) (Table 
1). There was no obvious explanation for the lesions in 
the patients who had atrophy of the contralateral testes. 

In one patient the testis underwent acute necrosis 
in the early postoperative period. The organ was re- 
moved 7 days after the original operation. In addition, 
two patients had recurrent pain in the testis on the side 
of transplantation, but at no time were these attacks 
severe. 


Discussion 


In most cases, the testicular complications after trans- 
plantation were asymptomatic and were discovered by 
questioning the patient or by examination of the scro- 
tal contents. Hydrocele formation was by far the most 
common notation, presumably because of the division 
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of lymphatic drainage directly from the intrascrotal 
structures. In addition, other more distant lymphatic 
channels such as those along the iliac vessels were 
routinely interrupted. The development of hydroceles 
under these circumstances is not surprising in view of 
the evidence published by Lascelles and Annis, Rinker 
and Allen and Wallace ™ that hydroceles are usually 
caused by a defect in the lymphatic absorption of the 
fluid secreted in the tunica vaginalis. 

Similarly, the explanation for testicular atrophy is on 
anatomical grounds. Division of the cord results in in- 
terruption of the testicular artery and other vessels sup- 
plying the testis but atrophy occurs only in those pa- 
tients in whom the collateral circulation is inadequate 
for the nutrition of the organ.^*?? However, atrophy was 
not always related only to the division of the spermatic 
cord as shown by the cases in which it occurred on the 
non-operative side. One possibility is that the pre-exist- 
ing uremia may have been at least partly responsible 
as has been suggested by Freeman and Schmitt and 
their associates,» 

The fact that 70 of the 94 testes to which the cord 
had been divided developed some obvious lesion makes 
it clear that technical modification of the transplanta- 
tion procedure is in order. For the past several years, 
we have avoided the step of spermatic cord division in 
selected instances and in the past several months, we 
have virtually eliminated it. Separation of the cord 
attachments at the internal inguinal ring permiits easy 
medial displacement of this structure with relatively 
little impairment of exposure of the iliac vessels and 
the recipient ureter or urinary bladder. When the in- 
cision is closed the divided portion of fascia and the 
internal inguinal ring can be easily repaired. 


Summary 


Eighty-six male patients underwent 94 renal homo- 
transplantations through inguinal incisions, with con- 
comitant division of the ipsilateral spermatic cords for 
facilitation of exposure. After follow-ups of 1 to 8% 
years, hydroceles, atrophy, acute necrosis or recurrent 
pain occurred in 74.5 per cent of testes. Although many 
of the lesions were asymptomatic and the patients 
were unaware of their existence, there was enough 
morbidity to disqualify routine division of the sper- 
matic cord during renal transplantation. 


References 


J. Freeman, R, M., Lawton, R. L. and Fearing, M. O.: Gyneco- 
mastia: An Endocrinologic Complication of Hemodialysis. 
Ann, Intern. Med., 69:67, 1968. 

2. Heifetz, C. J.: Resection of the Spermatic Cord in Selected 
Inguinel Hernias. Twenty Years of Experience. Arch. 
Surg., 102:36, 1971. 


Vol. 176 * No. 6 


3. Koontz, A. R.: Atrophy of the Testicle as a Surgical Risk. 
Surg. Gynecol. Obstet., 120:511, 1965. 


4. Kiss, R., Teinturier, J. and Millienz, P.: Quelques essais de 
greffe de rein chez l'homme. Mem. Acad. Chir., 77:755, 
1951. 


5. Lascelles, P. T. and Annis, D.: Transport of Intravenously 
Administered !?:TRIHSA into Primary Hydroceles and the 
Tunical Sac of Patients Undergoing Herniorrhaphy. Brit. 
J. Surg., 56:405, 1969. 


6. Murray, J. E. and Harrison, J. H.: Surgical Management of 
Fifty Patients with Kidney Transplants Including Eighteen 
Pairs of Twins. Am. J. Surg., 105:205, 1963. 


TESTICULAR COMPLICATIONS 


699 


7T. Neuhof, H. and Mencher, W. H: The Viability of the Testis 
Following Complete Severance of the Spermatic Cord. 
Surgery, 8:672, 1940. 

8. Rinker, J. R. and Allen, L.: A lymphatic defect in hydrocele. 
Am. Surg., 17:681, 1951. 

9. Schmitt, C. W., Shehadeh, I. and Sawin, C. T.: Transient 
Gynecomastia in Chronic Renal Failure during Chronic 
Intermittent Hemodialysis. Ann. Intern. Med., 69:73, 1968. 

10. Starzl, T. E.: Experience in Renal Transplantation, W. B. 
Saunders Co., Philadelphia, 1964. 

11. Wallace, A. F.: Aetiology of the Idiopathic Hydrocele, Brit. 
J. Urol., 32:79, 1960. 





Book Review 


Neoplasms of the Gastrointestinal Tract. Edited by Wil. 
liam C. Lowe, with contributions by Eddy D. Palmer, 
Maxwell Malament and Rene Joyeuse. First edition, 
347 pages, 64 illustrations. Published by the Medical 
Examination Publishing Company, Inc., Flushing, 
New York, 1972. 


Tur author, who as an Assistant Professor of Medicine 
has called upon three of his associates to assist in nu- 
merous aspects of several tumors. One of these three 
contributors is a Professor of Medicine, another an 
Associate Professor of Surgery (Urology) and the third 
an Assistant Professor of Surgery. 

The various neoplasms of the gastrointestinal tract 
are considered in 11 chapters, the first of which is en- 
titled General Consideration, including material on 
Cancer and the Physician, Epidemiology of Gastroin- 
testinal Neoplasms, and Food Carcinogens. Much inter- 
esting and important data may be found in these portions 
of Chapter One. 

The author has included very informative comments 
and tables on etiology and epidemiology for practically 
all tumors, more than usually found in the average 
book. The clinical manifestations are very satisfactorily 
covered. Material on pathology is a bit brief, but the 
important features are included. 

Treatment of the various lesions is marred by an 
unreasonable attitude on the surgical treatment of cancer 
of the esophagus and stomach. Both these sections were 
written by the same individual, one of the contributing 
authors (an internist). In the chapter on Cancer of the 
Esophagus the contributing author correctly states that 
"extirpation of the tumor offers no hope for cure in the 
great majority of cases." However, the rest of the section 
on treatment of cancer of the esophagus is written as 


if five-year cures following resection of the tumor are 
never obtained, This attitude ignores the fact that the 
only chance for a cure resides in operation ánd, even 
though small, it is accepted by patients, including sur- 
geons as patients. No mention is made of the value of 
the more penetrating forms of irradiation such as cobalt, 
betatron and linear accelerator in treating deep lesions 
such as carcinoma of the esophagus. In the section on 
cancer of the stomach the contributing author states 
"Today surgical extirpation in an effort to cure is justi- 
fied in only a small proportion of gastric carcinoma 
patients that walk into the doctors office." Although 
a few references are listed in the surgical treatment 
of cancer of the stomach, there is practically no ref- 
erence to the material contained in these articles. There 
is no reference to the fact that the five-vear survival 
of resection of malignant ulcers of the stomach with 
no lymph node involvement is 50% or above as reported 
in numerous articles—many from the Mayo clinic; also, 
that the five-year survival rate following resection of 
bulky adenocarcinomas with no evident residual tumor 
is 20 to 25%. 

The treatment of cancer of the colon and rectum is 
very informative and well written by a contributing 
author (a surgeon), who obviously is a surgeon of ex- 
perience. The discussion of cancer of other organs such as 
pancreas, liver, biliary tract, small intestine, etc. (by 
the author, an internist) is fairly well done including 
treatment, although the surgical treatment of cancer 
of the pancreas is a bit short. The surgical treatment of 
tumors of the liver is adequate and includes comments 
on hepatectomy and liver transplants although the re- 
sults of these two procedures are known to be poor. 


Warren H. Corr, M.D. 





Clearance Rate and Effect on Renal Function of Stroma-Free 
Hemoglobin Following Renal Ischemia 


MICHAEL RELIHAN, M.D.,* RAYMOND E. OLSEN, D.V.M., Ph.D.,** 


HE NEPHROTOXICITY of hemoglobin has been the 

most serious contraindication to its use as a plasma 
volume expander. Recently Rabiner *? has introduced 
a stroma-free hemoglobin solution which appears to 
be non-toxic to the kidneys of animals under certain 
experimental conditions. Research in these laboratories 
has further demonstrated that this solution is not toxic 
to the kidneys, liver or lungs of normal dogs, and no 
spectrophotometric evidence of toxic breakdown prod- 
ucts of hemoglobin could be found in the urine of any 
animal to which it was administered."! 

The present study was undertaken to define the 
renal effects and clearance of stroma-free hemoglobin 
after an episode of renal ischemia. A modification of 
an experimental animal preparation developed pre- 
viously for the study of nephrotoxicity of heme-con- 
taining compounds was utilized." 


Methods 


è 

Experiments were performed on 12 non-pregnant 
Dirofilaria-free female dogs kept in metabolic cages. 
In each, blood urea nitrogen concentrations had been 
determined to be normal while the animal was on a 
commercially prepared maintenance diet containing 
27% protein. 

Under pentobarbital anesthesia and using aseptic 
technic, animals weighing between 16 Kg., and 22 Kg. 
were operated upon through bilateral flank incisions. 
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A right nephrectomy was performed on each, and the 
left kidney mobilized and delivered into the wound. 
The renal artery was dissected free of the pedicle and 
surrounded loosely by a snare of No. 28 stainless steel 
wire; the ends of the wire were then brought through 
a sleeve of polyethylene tubing. Muscles were approx- 
imated loosely about the renal pedicle. The renal ar- 
tery snare was buried subcutaneously, and subcutan- 
eous tissues and skin were sutured in layers over the 
kidney. Animals were allowed to recover for at least 
2 weeks before the experiments were begun. 

Group 1. Controls. Six animals were used as con- 
trols and each was anesthetized with sodium pentobar- 
bital. A small skin incision was made, and the sub- 
cutaneous wire snare exposed and tightened by pull- 
ing it through the polyethylene sleeve. Using this 
method the renal artery was occluded for 30 minutes. 
Just before removal of the snare 250 cc. normal saline 
was rapidly infused. 

Group 2. Hemoglobin Infusion. In this group of six 
animals, the procedure followed was identical to that 
described for the controls except that just before re- 
moval of the snare, 250 cc, stroma-free hemoglobin 
solution was rapidly infused. Plasma and urinary he- 
moglobin concentrations were determined hourly in 
each animal during the first 6 hours and again 24 hours 
after infusion. 

In both groups, renal function tests were performed 
daily for 2 days immediately preceding the beginning 
of the experiment and then daily for 5 days afterwards. 
For performance of these tests, each dog was lightly 
anesthetized with sodium pentobarbital and an in- 
dwelling Foley catheter was placed in its urinary blad- 
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der. The following determinations were done at the 
intervals previously indicated: blood urea nitrogen 
(BUN) concentration; 30-minute phenosulfonphtalein 
(PSP) excretion; and urinary specific gravity, pH, out- 
put volume, and microscopic examination. 

For PSP excretion tests good urine flow was estab- 
lished by first priming each animal with 75 ml./Kg. 
normal saline. Thirty minutes after administration of 
PSP any residual dye in the bladder was removed by 
irrigation with normal saline. 

Control renal biopsies were taken from each animal 
in both groups with a Vim-Silverman needle immedi- 
ately preceding the initial set of renal function studies 
and 6 hours and 48 hours after renal artery occlusion. 
All animals were sacrificed 5 days after infusion and 
kidneys, livers, and lungs examined for pathologic 
changes. Microscopic examinations were done using 
hematoxylin and eosin and Ralph's stain for hemo- 
globin.1o 

Before infusion, the hemoglobin solution was stored 
at 4°C. Average hemoglobin concentration was 5.5 
Gm./100 ml. and its pH was 7.05. Plasma and urinary 
hemoglobin concentrations were determined spectro- 
photometrically by comparison to curves drawn from 
standard solutions. 

Results 


Using the paired t-test, means of the values for each 
pre-ischemic renal function test in Group 1 animals 
were compared with the means of the values for each 
postischemic renal function test in each dog in the 
same group (Fig. 1). Renal ischemia for 30 minutes 
caused no significant change in BUN concentrations 
or PSP excretions. After renal artery occlusion, urinary 
volumes remained essentially stable and specific grav- 
ities decreased progressively (p « 0.01). 

When observations on single days were compared 
using a paired t-test, there was no significant difference 
between the BUN concentration on the day with the 
lowest average value before ischemia, which was the 
day before ischemia, (16.4 + 8 mg/100 ml.) and the 
BUN concentration on the day which had the highest 
average values following ischemia which was the third 
postischemic day (22.0 + 4 mg./100 ml.). In the case 
of PSP excretion a significant difference (p < 0.05) was 
noted between the excretion two days before ischemia 
(34% + 2%) and that two days after ischemia (27.7% 
+ 5%). 

The t-test was also applied to renal function tests in 
Group 2 animals. No significant statistical differences 
as a result of hemoglobin infusion were found in any 
test in this group (Fig. 2). 

When the values for BUN concentrations and PSP 
excretions in Group l were compared with those in 
Group 2 using the t-test for comparison of two sample 
means, no significant statistical differences were found. 
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J0 Minute 
PSP Excretion 
(4) 


Fic. 1. Renal function after temporary renal ischemia. There was 
no significant reduction (p > 0.05) in BUN concentrations caused 
by temporary renal arterial occlusion. The difference in PSP ex- 
cretion two days before ischemia and two days after ischemia was 
statistically significant (p < 0.05). Urinary pHs varied widely but 
tended toward acidosis immediately after arterial occlusion. After 
ischemia urinary specific gravity decreased (p > 0.05) and urinary 
volume remained relatively stable, 


Throughout all experiments in both groups most of 
the mean urine pH values were near pH 7.0 although 
individual urinary pHs varied between pH 6.3 and 
pH 8.5 (Figs. 1 & 2), In the group given hemoglobin 
urine pHs were usually alkaline during the first six 
hours after infusion and varied between pH 6.9 and 
pH 7.9 (Fig. 3); 24 hours after infusion urine pH was 
even more alkaline having an average of pH 7.6. 

After ischemia and hemoglobin infusion average 
urine output was 140 ml. during the first hour. There- 
after, a good urinary output volume was continuously 
maintained. 

No qualitative differences were found between the 
spectrophotometric absorption patterns of hemoglobin 
infused and hemoglobin excreted in the urine (Fig. 
4). 

Average renal clearance of hemoglobin in Group 2 
animals progressively increased from 0.81 ml./min./m? 
(S.D. + 0.53) one hour after infusion to 2.0 ml./min./m? 
(S.D. + 1.5) six hours after infusion (Fig. 5). During 
the next 18 hours average renal hemoglobin clearance 
decreased to 0.03 ml. /min./m? (S.D. + 0.03). 

Average plasma hemoglobin concentration decreased 
gradually from 1.5 = 0.88 Gm./100 ml. at the end of 
infusion to 0.32 + 0.17 Gm./100 ml. six hours later. 
Twenty-four hours after infusion no hemoglobin was 
present in the urine of any animal; average plasma con- 
centration at that time was 45 + 80 mg./100 ml. 
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Days 
Fic. 2. Renal function after temporary renal ischemia and hemo- 
globin infusion. There was no change in renal function. 


A total of 13.3 Gm. of hemoglobin was infused into 
each animal. Of this amount, 41% was recovered from 
the urine. Twenty-eight per cent was excreted during 
the first 6 hours after infusion and another 13% over 
the succeeding 18 hours. 

As plasma hemoglobin concentration decreased so 
did urinary excretion of hemoglobin. Five hours after 
infusion, however, a sharp increase in urinary hemo- 
globin was noted (Fig. 6); this corresponded roughly 
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Fic. 3. Urine pH and volume after temporary renal ischemia and 
hemoglobin infusion. Urinary pH was usually alkaline. A good 
output volume was maintained during the first 24 hours after in- 
fusion. 


to an increase in renal clearance also noted at that 
time. 


Pathology 


Urinalysis performed each day on each animal in 
both groups showed that neither ischemia alone nor 
ischemia and hemoglobin infusion together increased 
the urinary concentration of casts, albumin, or desqua- 
mated epithelial cells. 

Renal function tests were always normal in all ani- 
mals before ischemia; however renal biopsies taken at 
the same time were not always histologically normal. 
Before ischemia, lesions frequently seen were mild tu- 
bular degenerative changes, occasional tubular casts, 
and an increase in the amount of interstitial connective 
tissue. Less frequently seen were tubular dilation and 
pink-staining protein-like material in Bowman's spaces. 
Calcification of collecting tubule cells were noted in 
one kidney. 

Lesions observed in animals subjected to renal is- 
chemia differed from those noted in the pre-ischemic 
kidneys primarily in that they were progressively more 
severe and occurred more frequently. Lesions were 
noted in biopsies taken at 6 hours and 48 hours and in 
the kidneys removed at autopsy 5 days after ischemia. 
Additionally, hemorrhage and connective tissue pro- 
liferation believed to be caused by previous biopsies 
were present. Scattered plasmocytes, lymphocytes, and 
neutrophils were noted in the 48-hour postischemia 
biopsy taken from one animal. At post-mortem exam- 
ination this type of scattered inflammation and a few 
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degenerated glomerular tufts were noted in the kid- 
neys from 5 dogs. 

Except for the presence of hemoglobin casts for as 
long as 48 hours after infusion, renal biopsies and 
kidney specimens taken from dogs subjected to renal 
ischemia and then infused with hemoglobin were not 
remarkably different from those that were subjected 
to ischemia only. After 5 days, hemoglobin containing 
casts could no longer be detected in any animal. 
Forty-eight hours after infusion the renal biopsy of 
one dog given hemoglobin had a large area of tubular 
degeneration which contained fragmented tubules 
and a hyaline-appearing homogenous material. This 
area was positive for hemoglobin and was also seen in 
the kidney specimen when it was examined after au- 
topsy. 

There were no differences in lung lesions noted in 
the two groups of dogs. The lungs of at least one dog 
in each group showed emphysema, alveolar fluid, 
thickening of alveolar walls by connective tissue, and 
bronchopneumonia. 

Histologic examination of the livers failed to dem- 
onstrate any pathologic lesion. 
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Fic. 5. Hemoglobin excretion after temporary renal ischemia and 
hemoglobin infusion. Renal clearance of hemoglobin increased 
and plasma hemoglobin concentration decreased as the kidneys 
recovered from the effects of ischemia. Forty-one per cent of the 
infused hemoglobin was recovered from the urine. 
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Fic. 6. Relationship of plasma hemoglobin concentration and 
urinary hemoglobin excretion after temporary renal ischemia and 
hemoglobin infusion. Average plasma concentration decreased pro- 
gressively. A transient rise in total urinary hemoglobin 5 hours 
after infusion was attributed to recovery of the kidney from the 
effects of ischemia. 


Discussion 


A number of theories have been developed to ex- 
plain the mechanism by which hemoglobin solutions 
cause renal damage. Some investigators discovered 
casts in the renal tubules and theorized that such casts 
cause obstruction and retention of urine.?? Later 
renal tubular necrosis and interstitial edema were con- 
sidered the predominant lesions. In the present ex- 
periments, renal ischemia for 30 minutes caused his- 
tological evidence of cast formation, interstitial edema, 
tubular dilatation and tubular degenerative changes, 
however there were no associated decreases in renal 
function and no differences between those animals 
given hemoglobin and those that were not (Figs. 1 & 
2). Furthermore, tubular changes observed were not 
severe enough to result in an increase in the number of 
casts or epithelial cells in the urine, or an increase in 
albuminuria. 

The toxicity of acid hematin and methemoglobin 
has previously been demonstrated.*" In vitro experi- 
ments have shown that spectroscopic absorption bands 
typical of these materials do not appear until the pH of 
the solution drops below pH 6.0. In addition hemo- 
globin is not precipitated unless pH of the solution is 
less than pH 6 and sodium chloride content is 1% or 
greater? In this research a good urinary output was 
maintained during the first 24 hours after hemoglobin 
infusion and the pH of no urine specimen in the group 
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during this period was less than pH 6.9 (Fig. 3). This 
undoubtedly accounts for the absence of toxic hemo- 
globin breakdown products and hemoglobin casts 
which were remarkably absent from the urine of these 
dogs. 

In the human being, when free plasma hemoglobin 
concentration exceeds an average of 128 mg./100 
ml the plasma hemoglobin-binding capacity is ex- 
ceeded, and hemoglobin is excreted in the urine.5 The 
remainder is removed by the reticuloendothelial sys- 
tem after forming a non-filtrable complex with hapto- 
globin.t The rate of excretion above the plasma bind- 
ing capacity depends on the plasma concentration; 
thus renal clearance remains fairly constant? In these 
experiments renal hemoglobin clearance progressively 
increased as the animals kidneys recovered from the 
ischemic insults to which they had been subjected. Be- 
cause plasma hemoglobin concentrations 24 hours after 
infusion were below the plasma binding capacity, no 
hemoglobin appeared in the urine; most appeared to 
be retained and was probably removed by the reticulo- 
endothelial system. 

While the stroma-free hemoglobin used in this re- 
search did not appear to be nephrotoxic, it should be 
emphasized that the urine pH of no animal was less 
than pH 6.9 during the period when urinary hemo- 
globin concentration was high. Since patients in shock 
will be those most in need of oxygen-carrying plasma 
expander and since such patients frequently develop 
metabolic acidosis with a markedly acid urine, further 
research must be accomplished before this material 
can be adjudged non-toxic to the kidney. 


Summary 


Right nephrectomy, left renal explantation to a sub- 
cutaneous position and placement of a renal artery 
snare were performed on each of 12 female dogs. After 
a recovery period of at least 2 weeks and when renal 
function was determined to be normal, six control ani- 
mals were infused with normal saline after renal ar- 
tery snares were tightened. Six other animals treated 
similarly were infused with stroma-free hemoglobin 
solution. Renal biopsies were taken before renal is- 
chemia and 6 hours and 48 hours after ischemia. Ani- 
mals were sacrificed 5 days after infusion and the 
kidneys, liver, and lungs examined. 

As determined by renal function tests, stroma-free 
hemoglobin solution was not toxic to the ischemic 
canine kidney under the conditions of this experiment. 
The urine pH of the animals remained at or above 
6.9 during the first 24 hours after hemoglobin infusion, 
and there was no spectrophotometric evidence of toxic 
breakdown products of hemoglobin in the urine of any 
animal, 

During the initial 6 hours after hemoglobin infusion 
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and removal of the snare, average plasma hemoglobin 
concentration decreased from 1.5 + 0.8 Gm./100 ml. to 
0.32 + 0.17 Gm./100 ml. Twenty-four hours after infu- 
sion, plasma hemoglobin concentration was 45 = 80 
mg./100 ml. Forty-one per cent of the infused hemo- 
globin was recovered in the urine, 28% during the initial 
six hours and an additional 13% during the succeeding 
18 hours. After 24 hours urinary hemoglobin could no 
longer be demonstrated. 

Repeated urinalysis and histologic examinations of 
renal tissues taken before infusion and 6 hours, 48 
hours and 5 days after renal artery occlusion and in- 
fusion demonstrated no essential differences between 
the kidneys of control dogs infused with saline and 
those infused with the hemoglobin solution. 
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USUAL ADULT DOSAGE: 


One rounded teaspoonful of 
Metamucil powder, one to three 
times daily, in a glass of cool 
liquid, or one packet of Instant 
Mix Metamucil, one to three 
times daily, in a glass of cool 
water. An additional glass of 
liquid is helpful. 


Metamucil powder combines 
equal amounts of refined, 
purified psyllium and dextrose; 
each dose contains 14 calories 
as carbohydrate and a negligible 
amount of sodium. It is available 
in containers of 7 and 

14 ounces. 


Instant Mix Metamucil contains 
3 calories as carbohydrate 
and 0.25 Gm. of sodium in 
each dose. It is available in 


P. O. Box 5110, Chicago, Illinois 60680 Cartons of 16 and 30 single- 
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)f course not. That's why FLEET9 ENEMA 
s used so often on the third postopera- 
ive day. It virtually assures evacuation 
vithout pain or discomfort. 

FLEET ENEMA cleanses the left colon 


ind rectum in minutes (five at the most), 
nducing a physiological pattern of evac- 


lation that spares bedridden patients 


| 
'LEET ENEMA | 
HE PROFESSIONAL 







FAN A ust ATV: | 
FIND HAPPINESS WITH BOWEL STASIS? 


the cramping of oral laxatives, the burn- 
ing of suppositories, and the irritation 
of soapsuds enemas. 

And Fleet ENEMA is completely, but 
completely, disposable: there’s nothing 
to fill, nothing to assemble, nothing to 
clean. 


Fleet ENEMA. Happiness for the post- 
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operative patient with bowel stasis and 
for his doctor. 


Warning: Frequent or prolonged use of enemas 
may result in dependence. Take only when 
needed or when prescribed by a physician. Do 
not use when nausea, vomiting, or abdominal 
pain is present. Caution: Do not administer to 
children under two years of age unless directed 
by a physician. 
C. B. FLEET CO., INC. 
Fleet Lynchburg, Va. 24505 


The secret 
is in the handpiece! 


New From RELIANCE—A Major-Universal Electrosurgery Unit - 
Now, with but one /ead wire and a dual foot switch, the surgeon has 
control over current for pure cutting, blending, coagulation, 

desiccation and fulguration . . . all within the sterile field. 
The secret is in the handpiece. 


The RELIANCE handpieces contain a device which provides the 
desired current. They also serve as the prímary return path for unused 
R.F. energy, back through the lead wire and unit to ground. An ancillary 
electrode is a secondary return path, only, thus virtually 
eliminating the possibility of patient burns. 


The New Reliance Electrosurgery Unit provides safety, 
versatility and long life. 
e Four currents. 
€ Power to spare for the most demanding procedures. 
€ Fully rectified and filtered current for optimum 
hemostasis with minimum depth of tissue destruction. 
e Automatic line voltage correction and 
stabilization; overload protected. 
e "Space Age" design with transistorized components 
and printed circuitry — shielded and filtered. 
e Adjustable spring compensated mobile stand. 


Get complete information about the new 
RELIANCE ELECTROSURGERY UNIT. 
Write: F&F Koenigkramer 

96 Caldwell Drive 
Cincinnati, Ohio 45216 
Dept. AR-12 
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Your Private Seminar In 


SURGERY 


Now on Video Cassettes 
from 


VIDEO DIGEST, 


Continuing medical education has achieved its ultimate in fuli 
color and sound on inexpensive video cassettes that can be 
played on any television set. The Video tape cassette can be 
stopped, re-run, or played over and over. Each program is pre- 
sented by an outstanding physician who has gained honors 
and recognition in his field. If the subject is Surgery it is his 
voice you hear describing a distinctive surgical technique, his 
hands performing the surgery. In many ways, the Video Digest 
program is better than actually being in the operating room 
(where you can't push a button to get an "instant replay"). 
"This program is acceptable for Group B Credit toward the 
California Medical Association's certificate in continuing 
medical education". Send the coupon below, or write to us on 
your letterhead, for full information on how you can take ad- 
vantage of this new medical communications technology right 
in your own home or office. 


Programs available in: Anesthesiology, Pathology, Family 
Practice, Internal Medicine, Ophthalmology, Otoiaryngology, 
Obstetrics & Gynecology, Surgery, Orthopedics, Pediatrics 
and Urology. 


Gentlemen: 
Please send me full information concerning the spe- 


| 
| 
ciality listed below: | 
| 
Names. - =e — i 
Addfí6ss-—————— — —— — l 
City State Zip Code |. |... | 
Speciality 
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A PROGRAM FOR PHYSICIANS 
BY PHYSICIANS 


VIDEO DIGEST, INC. 


2030 CAREW 


————————----—--4 


TOWER, 


CINCINNATI, OHIO 


45202 
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Serious enough for FURACIN 


nitrofurazone 


® 


Furacin belongs on every emergency care 





FORMULA: Contains Furacin (nitrofurazone) 0.2% in Solubase® 





: . . $ (a water-soluble base of polyethylene glycols 4000, 1000 and 300). 
team. Furacin encourages infection-free SENSITIZATION: * 
. . . : : . and surgical practice, the reported incidence not exceedi 

healing, 1S nonmacerating, nonirritating, The reported overall incidence of sensitization is l c ( 
. á š including those reactions which occur when treati 3 
nontoxic to tissue. Furacin seldom ulcers, notoriously sensitive to many agents. In these ca nsi 

M. tization is minimized by protecting surrounding intact skin with a 

sensitizes, and development of bland ointment. To minimize any adverse effect restrict application 





where possible to 5 to 7 days, and remove medicat 





n by irriga- 
one) does 
' indicated; 


resistant strains is unlikely. 





not replace surgical procedures when these 
however it is a useful adjunct. 


"clean wound insurance" 
in burns, lacerations, 
skin grafts 


®Originators and Developers of The Nitrofurans 
EATON LABORATORIES 
Division of Morton-Norwich Products, Inc. 
NORWICH, NEW YORK 13815 





Traumatic wounds 
complicated by infectiori-an urgent concern 


*due to susceptible organisms 





ege 6 haloridi 
Loridine I M. 500-9 ampout 
therapy worthy of consideration 





Traumatic wound infections often require the 
rapid and effective action that Loridine I.M. can provide 
when they are due to susceptible organisms. 

Loridine is active in vitro against many pathogens that 
may cause skin and soft-tissue infections, including sus- 
ceptible strains of staphylococci, Escherichia coli, and 
streptococci, and is also effective in the presence of mixed 
infections. 

One dose of Loridine provides measurable serum levels 
of antibacterial activity up to twelve hours. 

These are a few of many reasons why Loridine provides 
therapy worthy of consideration. 


TMany strains of enterococci are relatively resistant. Some strains of staphy- 
lococci are resistant. Pseudomonas organisms are resistant, as are most indole- 








Before Administration of Loridine 


l. Determine renal status before 
initiating therapy. 

2. In patients with renal impair- 
ment, reduced dosage should be em- 
ployed. Other antibiotic therapy 
should be considered if impairment is 
due to acute tubular necrosis. 


3. As with other antibiotics, appro- 
priate specimens for culture and sus- 
ceptibility testing should be obtained. 


4. Use cautiously with other poten- 
tially nephrotoxic antibiotics (e.g., 
gentamicin, kanamycin, colistin, and 
polymyxin B), in penicillin-allergic pa- 
tients, and in those receiving potent 


diuretics, such as furosemide or etha- 
crynic acid. 


During Administration of Loridine 


1. Because of potential nephrotox- 
icity, daily dosages above 4 Gm. are 
not recommended for patients with 
normal renal function. The usual 
range for adults is 1.5 to 3 Gm. daily. 
In patients with renal impairment, 
recommendations in the package lit- 
erature should be followed for main- 
tenance dosage after a loading dose 
of 0.5 to 1 Gm. If an endogenous 
creatinine clearance is considered 
more desirable than available BUN or 
serum creatinine concentrations for 
establishing the maintenance dosage, 


producing Proteus species and motile Enterobacter species. 


Lilly 


200308 


the initial loading dose may be given 
and results of that test obtained dur- 
ing the ensuing six or eight hours. If 
renal function improves during ther- 
apy, readjustment of dosage may be 
desirable. 


2. Maintain proper hydration. 


3. Monitor renal status. Renal im- 
pairment may be indicated by the ap- 
pearance of urinary casts, proteinuria, 
oliguria, a rising BUN or serum creat- 
inine, or a decreasing creatinine 
clearance or urine/plasma creatinine 
ratio. 


4. If impaired renal function devel- 


ops or worsens during therapy, dis- 
continue use. 


Please turn page for prescribing information. 
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Loridine I.M. (cephaloridine) 


Because of nephrotoxicity (e.g., tubular necrosis) of cephaloridine in 
dosages above 4 Gm. daily (see Warnings and Adverse Reactions), rec- 
emmended doses should not be exceeded. Renal status of the patient 
should be determined prior to initiation of therapy. Patients with known 
or suspected impairment of renal function should be under close clinical 
observation for changes in renal function or be hospitalized, and re- 
duced dosage should be employed. If impaired renal function develops 
during therapy, cephaloridine should be discontinued. 


Actions: Human Pharmacology—Peak blood levels of 7 and 14 mcg. 
per ml. respectively were obtained in one-half to one hour following 
intramuscular doses of 250 and 500 mg. in humans. Measurable 
levels of cephaloridine persisted for longer than twelve hours. 

Loridine is excreted unchanged largely by glomerular filtration. 
Doses of 250 and 500 mg. produced very high antibacterial concen- 
trations in the urine, in some instances approaching 1,000 mcg. 
per ml. 

Its nucleus and degradation products differ from those of peni- 
cillin. However, some patients who are allergic to penicillin or to 
other cephalosporins may also be allergic to Loridine. 

Microbiology—The in-vitro bactericidal action of Loridine results 
from inhibition of cell-wall synthesis. It is not bound significantly to 
plasma protein. 

Loridine is active against the following organisms in vitro: 

Beta-hemolytic and other streptococci (many strains of entero- 
cocci, e.g., Streptococcus faecalis, are relatively resistant) 

Staphylococci, both coagulase-positive and coagulase-negative 
(some strains of staphylococci are resistant to cephaloridine) 

Pneumococci 

Gonococci 

Hemophilus influenzae 

Escherichia coli and other coliform bacteria 

Klebsiella 

Proteus mirabilis 

Loridine is active against Treponema pallidum in animal studies. 

All tested strains of group A streptococci, pneumococci, and peni- 
cillin-G-susceptible staphylococci are susceptible to Loridine. However, 
some strains of penicillinase-producing staphylococci are resistant in 
vitro to concentrations of Loridine that can be achieved in the serum. 
The majority of strains of H. influenzae, Pr. mirabilis, Esch. coli, and 
Klebsiella are also susceptible in vitro. 

Pseudomonas organisms are resistant to Loridine, as are most 
indole-producing Proteus species and motile Enterobacter species. 


Indications: Loridine is indicated in the treatment of serious infec- 
tions of the respiratory tract, genito-urinary tract, bones and joints, 
bloodstream, soft tissue, and skin due to susceptible strains of the 
organisms listed above. It is also indicated for therapy of early 
syphilis when penicillin may be contraindicated. (See Warnings in 
regard to cross-sensitivity with penicillin.) It is indicated in the treat- 
ment of gonorrhea when penicillin is not considered the drug of choice. 
Appropriate culture and susceptibility studies should be per- 
formed. If the susceptibility tests show that the causative organism 
is resistant to Loridine, other appropriate antibiotic therapy should 
be instituted. 
Contraindications: Loridine is contraindicated in those persons who 
have shown hypersensitivity to it or other cephalosporins. 


Warnings: IN PENICILLIN-SENSITIVE PATIENTS, CEPHALOSPORIN C DERIVATIVES 
SHOULD BE USED WITH GREAT CAUTION. THERE IS CLINICAL AND LABORATORY 
EVIDENCE OF PARTIAL CROSS-ALLERGENICITY OF THE PENICILLINS AND THE 
CEPHALOSPORINS. INSTANCES OF PATIENTS WHO HAVE HAD SEVERE REACTIONS 
TO BOTH DRUGS, INCLUDING DEATH FROM ANAPHYLAXIS, HAVE BEEN REPORTED. 

Impairment of renal function during treatment may be indicated 
by the appearance of casts in the urine, proteinuria, falling urinary 
output, a rising BUN or serum creatinine, or a decreasing creatinine 
clearance or urine/plasma creatinine ratio. 

Cephaloridine should be given cautiously when used with other 
antibiotics having nephrotoxic potential, e.g., gentamicin, kanamycin, 
polymyxin B, and colistin. 

The results of experimental studies in animals suggest that the 
concurrent use of potent diuretics, such as furosemide or ethacrynic 
acid, may increase the risk of renal toxicity. 

Usage in Pregnancy—Safety of this product for use during preg- 
nancy has not been established. 

Precautions: In the case of infections due to beta-hemolytic strep- 
tococci, antibiotic therapy should be continued for at least ten days. 

In the therapy of gonorrhea, patients in whom there is reason to 
suspect concomitant syphilis should have dark-field examinations of 
all suspect lesions before treatment and monthly serologic tests for 
a minimum of three months. 

Indicated surgical procedures should be performed in conjunction 
with antibiotic therapy. 

Superinfections may develop with organisms not in the spectrum of 
Loridine, particularly Pseudomonas. These can be recognized by clinical 
observation and by means of appropriate cultures. If they occur, proper 
therapeutic measures should be taken. 


Since safety for use in premature infants and in infants under one 
month of age has not been established, administration of cephalori- 
dine to these patients is not recommended. 

A false-positive reaction for glucose in the urine may occur with 
Benedict's or Fehling's solution or with Clinitest® tablets but not with 
Tes-Tape? (urine sugar analysis paper, Lilly). 


Adverse Reactions: Hypersensitivity—Maculopapular and erythema- 
tous rashes, urticaria, and anaphylaxis have been reported. Drug 
fever and eosinophilia also have been noted. Hypersensitivity re- 
actions are more likely to occur in patients with a history of allergy, 
particularly to penicillin. 

Blood—Neutropenia and leukopenia have been reported. Some in- 
dividuals have developed positive direct Coombs tests during therapy. 

Liver—Transient elevations of transaminase and alkaline phos- 
phatase levels have been noted. The significance of these findings is 
uncertain. 

Renal—Severe, acute renal failure, in some cases terminating in 
death, has occurred in a small number of patients receiving Loridine. 
The possibility of this complication seems to be greater in seriously 
ill patients given more than recommended doses. Acute tubular 
necrosis has been noted in affected patients coming to autopsy. 

Local Reactions—Pain on I.M. injection of Loridine is rare, and 
phlebitis on 1.V. injection occurs infrequently. 

Other—Nausea and vomiting have been reported. 


Administration and Dosage: Ampoules should be protected from light. 
Extemporaneous mixtures of Loridine with other antibiotics are not 
recommended. 

Loridine should be dissolved in either Sodium Chloride Injection 
or Sterile Water for Injection (see the package literature for dilution 
table). 

Intramuscular Injection—Loridine is usually injected into a large 
muscle mass, for example, the gluteal region or the lateral aspect 
of the thigh. 

The usual adult dosage for many infections of moderate severity 
is 500 mg. to 1 Gm. three times a day at equally spaced intervals. 
Milder and more susceptible infections have been treated with 250 
to 500 mg. given two or three times a day. More severe infections 
may be treated with 500 mg. to 1 Gm. four times a day. 

A single 2-Gm. dose is recommended for the treatment of acute 
gonorrhea. 

Early syphilis may be treated with 500 mg. to 1 Gm. daily for ten 
to fourteen days. 

Although some clinical experience with high doses for life-threat- 
ening conditions has been reported, it has been shown that excessive 
dosages (above 4 Gm. daily) may cause serious nephrotoxic reac- 
tions. For this reason, Keflin® (sodium cephalothin, Lilly) may be 
preferred when doses larger than 4 Gm. daily are considered for life- 
threatening situations. If more than 2 Gm. of cephaloridine is injec- 
ted daily, the patient should be under close clinical observation for 
changes in renal function or be hospitalized. In addition, reduced 
dosage should be employed in patients with known or suspected 
renal impairment (see the package literature). 

In children, a daily total of 30 to 50 mg. per Kg. (15 to 25 mg. per 
pound) of body weight, given in divided doses, has been found effec- 
tive for mild to moderately severe infections. A daily total of 100 
mg. per Kg. (50 mg. per pound) of body weight (not to exceed 
recommended adult doses) may be needed for very severe infec- 
tions. Since safety for use in premature infants and in infants under 
one month of age has not been established, the use of cephaloridine 
in these patients is not recommended. 

In both adults and children, failures have appeared to be related 
more closely to insusceptibility of the organism or poor general con- 
dition of tne patient than to inadequate dosage. 

Intravenous Injection—In the presence of extremely serious infec- 
tions (such as bacteremia) or when any infection seems overwhelm- 
ing, intravenous administration may be indicated. 

Total daily dosages are the same as with intramuscular injection. 
For very susceptible organisms, 500 mg. to 1.5 Gm. per day may 
suffice; fcr less susceptible organisms and for serious infections, 2 
to 4 Gm. per day may be needed. 


How Supplied: Ampoules Loridine® (cephaloridine, Lilly), as follows: 

250 mg., 5-ml. size, rubber-stoppered, in packages of 50 (No. 771) 
accompanied by six 20-ml. ampoules of Bacteriostatic Sodium Chlo- 
ride Injection, U.S.P. 

500 mg., 5-ml. size, rubber-stoppered, in packages of 1 (No. 722); 
also available in packages of 50 (No. 772) accompanied by six 20-ml. 
ampoules of Bacteriostatic Sodium Chloride Injection, U.S.P. 

1 Gm., 10-ml. size, rubber-stoppered, in packages of 1 (No. 723); 
also available in packages of 25 (No. 773) accompanied by four 
20-ml. ampoules of Bacteriostatic Sodium Chloride Injection, U.S.P. 
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Additional information available to the profession 
on request. 
Eli Lilly and Company, Indianapolis, Indiana 46206 
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SIMPLICITY, EFFICACY, VERSATILITY ON THE SURGICAL SERVICE... 


take advantage of t 


Experience on the surgical 
servicein postoperative sepsis and 
Gram-negative pneumonias has led 
many clinicians to consider Kantrex 
(kanamycin sulfate) a drug of 
choice in susceptible Gram-nega- 
tive infections with or without 
shock or septicemia '3(Pseudo- 
monas are resistant). In the pres- 
ence of endotoxic shock?? and to 
prevent progression of sepsis to 
shock, prompt use of Kantrex is 
recommended—often before ob- 
taining susceptibility test results. 


he Kantrex cxperiencc 


KANAMYCIN SULFATE 


KANAMYCIN SULFATE 
INJECTION |^ 


Eleven years of efficacy in 
susceptible infections at many 
sites, in almost any type of patient, 
comprise the Kantrex experience. 
Kantrex coverage includes most 
Gram-negative bacilli and most 
staphylococci (Pseudomonas are 
resistant). Rapid absorption and dif- 
fusion of Kantrex to sites through- 
out the body should provide prompt 
therapeutic response in 24-48 
hours. If no response occurs within 
3-5 days, stop therapy and recheck 
bacterial susceptibilities. 





One simple standardized 
dose forany patientis another facet 
of the Kantrex experience. It means 
you can prescribe Kantrex at 7.5 
mg./Kg., I.M., q. 12 h., in patients 
with normal renal function. And to 
reduce the risk of oto- and nephro- 
toxicity in patients with impaired 
renal function, the same dose ap- 
plies while the time interval be- 
tween doses increases. Simply fol- 
low the “creatinine x 9" formula.* 


"For example: If routine serum creatinine measure- 


ment is 6 mg./ 100 ml., multiply by 9; the interval 
between Kantrex doses is 54 hours 





Kantrex experience in postsurgical 
infections. However, because the 
risk of ototoxicity does exist, daily 
Kantrex dose should not exceed 
1.5 Gm., and total therapy should 
not surpass 15 Gm. or 15 days. 


BRIEF SUMMARY OF PRESCRIBING INFORMATION 
(9) 7/27/71 

For complete information, consult Official Package 
Circular. 





Warning: The major toxic effect of parenterally 
administered kanamycin sulfate is its action on 
the auditory portion of the eighth nerve. High 
frequency deafness usually occurs first and can 
be detected by audiometric testing. Tinnitus or 
vertigo may occur and are evidence of vestibular 
injury and impending bilateral, irreversible deaf- 
ness. In such cases, decrease size and frequency 
of doses. Discontinue kanamycin and check hear- 
ing if azotemia increases. Watch carefully for oto- 
toxicity in older patients and patients receiving 
more than 15 Gm. of kanamycin. To avoid neuro- 
muscular paralysis with respiratory depression, 
postpone intraperitoneal instillation in postoper- 
ative patients until recovery from anesthesia and 
muscle relaxants is complete. Avoid concurrent 
use of other ototoxic drugs including ethacrynic 
acid and furosemide. Safety in pregnancy is not 
established. 











Indications: Serious infections due to susceptible strains 
of E. coli, Proteus sp., Enterobacter aerogenes, K. pneu- 
moniae, Serratia marcescens and Mima-Herellea. Cul- 
ture and sensitivity studies should be performed. 
Contraindications: A history of hypersensitivity to the 
drug. Prior auditory damage by kanamycin or other 
agents may be a contraindication if effective, alterna- 
tive therapy is available. 

Precautions: Obtain audiograms before and during 
therapy in patients with renal dysfunction when treat- 
ment lasts more than 5 days. Stop Kantrex if tinnitus 
or hearing loss occurs. Hydrate patients to prevent 
chemical irritation of the renal tubules. Assess renal 
function periodically, both before and during therapy. 
If signs of renal irritation occur (casts, cells, protein- 
uria) increase hydration and reduce the dosage or the 
frequency of dosage if necessary. In azotemic patients, 
the frequency (in hours) of doses may be obtained by 
multiplying the serum creatinine by 9. If azotemia or 
oliguria occur, discontinue therapy. Mycotic or bacte- 
rial superinfection may occur. 

Adverse Reactions: Irritation or pain at the injection 
Site, skin rash, drug fever, headache and paresthesias. 
Dosage and Administration: The usual dose is 7.5 mg / 
Kg./ 12 hours I.M. The average dose is 1 Gm. daily for 
adults and children. The maximum total daily adult dose 
should not exceed 1.5 Gm. by all routes of administra- 
tion. Uncomplicated infections due to sensitive orga- 
nisms should respond in 24 to 48 hours. If no response 
occurs in 3 to 5 days, stop therapy and recheck the 
bacterial sensitivities. Hydrate patients well to mini- 
mize renal irritation. Inject deeply into the upper outer 
quadrant of the gluteal muscle. Discard partially used 
vials after 48 hours. The drug should not be physically 
mixed with other antimicrobials. $ 

Supplied: Rubber capped vials as a ready-to-use sterile 
aqueous solution in two concentrations; 0.5 Gm. in 
2 ml., 1.0 Gm. in 3 ml. Also available—Pediatric In- 
jection 75 mg. in 2 ml. A.H.F.S. Category 8:12.28 











References: 1. Murdoch, J. McC., etal.: Ann. New York 
Acad. Sc. 732:842 (June 14) 1966. 2. Rutenburg, 
A. M.: /bid., p. 824. 3. Foster, F. P.: M. Clin. North 
America 53:437 (March) 1969. 
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The management of anxiety in hospitalized 
patients: some important considerations 


Not all hospitalized anxious patients 
require antianxiety medication 

A certain amount of anxiety is normal to the 
experience of hospitalization. The patient is sepa- 
rated from his family, finds himself in strange 
surroundings and is uncertain of what lies ahead. 
Such anxiety, appropriate to the patient's situ- 
ation, will not require antianxiety drug therapy 
unless it becomes unduly pronounced or inter- 
feres with medical procedures. Various factors 
must be weighed before undertaking treatment 
of patients with clinically significant anxiety. 
Some important considerations are: 


1. Is the patient experiencing a level 
of anxiety normal to hospitalization? 

It is quite possible that the patient's anxiety 
is appropriate in relation to the situation he is in 
and may even help facilitate his adaptation to it. 
However, when anxiety is elevated to the point 
where it interferes with diagnostic, medical or 
surgical procedures through its effects on body 
function and behavior, it becomes both dispro- 
portionate and deleterious, and suitable anti- 
anxiety medication may be indicated. 


2. Is the patient's anxiety a significant 
factor in functional complaints or organic 
symptoms? 

If the patient's anxiety provokes functional 
complaints or exacerbates organic symptoms, it 
assumes clinical significance and adjunctive anti- 
anxiety medication may be indicated. Reduction 
of excessive anxiety may be attended by sympto- 
matic relief when the anxiety induces or compli- 
cates syndromes affecting the cardiovascular, 
gastrointestinal, musculoskeletal or other body 
systems. 


3. Does the patient's level of anxiety indi- 


cate the need for psychiatric consultation? 


If the patient is severely disturbed, registering 
acute anxiety, a consultation should be considered. 


The patient may require the specialized attention 
of a psychiatrist or psychiatric facility. 


4. Will the patient's anxiety adversely 
affect diagnostic or surgical procedures? 

Anxiety of excessive magnitude can be dis- 
ruptive of medical procedures. Librium (chlordi- 
azepoxide HCI) can reduce anxiety to appropriate, 
tolerable levels, thus promoting improved physiciar 
patient rapport and encouraging patient 
participation in such procedures 
as may be required. 


5. Will reas- 
surance alone be 
sufficient, ren- 
dering antianxi- 
ety medication 
unnecessary? 

Where anxiety 
is not especially 
marked, it is often 
feasible to relieve the 
patient's apprehen- 
sion by counseling and 
reassurance without 
resort to antianxiety 
medication. 










6. In view of the patient's age and con- 
dition, what is the proper dosage of Librium 
(chlordiazepoxide HCl) to be employed 
when required? 

The appropriate dose of Librium will vary 
from as little as 5 mg daily to 100 mg daily, de- 
pending on the patient's age, physical condition 
and the severity of the symptoms of anxiety. 
Initial dosage should be decreased or increased 
as indicated, and antianxiety medication should 
be discontinued when no longer required. For 
preoperative anxiety, Librium may be given in 

dosage of 5 to 10 mg orally t.i.d. or q.i.d. 
on days preceding surgery; as pre- 
operative medication, 50 to 
100 mg I.M. is given 

one hour prior to sur- 

gery when indicated. 
(Complete product in- 
formation should be con- 
sulted before prescribing 
Librium.) 
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7. Is concomitant therapy indicated? 

In many cases anxiety is associated with func- 
tional or organic disorders requiring primary 
medication. If the anxiety is clinically significant, 
Librium (chlordiazepoxide HCl) is used concomi- 
tantly with certain specific medications of other 
classes of drugs, e.g., cardiac glycosides, diuretics 
and antihypertensive agents. 


8. For how long should therapy be 
continued? 

Therapy with Librium should be continued 
only until the patient's anxiety has been reduced 
to appropriate, tolerable levels. 

9. What specific precautions should be 
observed? 

In elderly and debilitated patients, it is 
recommended that the dosage be limited to the 
smallest effective amount to preclude the devel- 
opment of ataxia or oversedation (10 mg or less 
per day initially, to be increased gradually as 
needed and tolerated). In general, the concomitant 
administration of Librium and other psychotropic 
agents is not recommended. 


when effective antianxie 
medication is indicated in the hospital 


Librium’ 
Chlordiazepoxide HCI) 
5-mg, 10-mg, 25-mg capsules 


Roche Laboratories 
Division of Hoffmann-La Roche Inc 
Nutley, N.J. 07110 


Please see following page for 
summary of product information —— 


Librium’ 


Chlordiazepoxide HCI) 


5-mg, 10-mg, 25-mg capsules 
up to 100 mg daily in severe anxiety 


Record of effectiveness 


The dependable antianxiety action of Librium 
(chlordiazepoxide HCl) has been demonstrated in 
over 12 years of clinical use in a broad range of 
applications: anxiety and tension occurring alone or 


in association with cardiovascular, gastrointestinal 


Mental acuity seldom impaired 


In proper maintenance dosage, Librium helps 
calm the anxious patient, usually without unduly 
interfering with mental acuity or ability to perform. 
It is thus especially useful in anxious patients who 
must continue to fulfill daily responsibilities. As is 


Suitable for extended therapy 


When extended antianxiety medication is indi- 
cated, Librium is particularly suitable because of 
its high patient acceptance, wide margin of safety 


and the fact that its benefits are usually maintained 


Before prescribing, please consult complete 
roduct information, a summary of which 
ollows: 
Indications: Relief of anxiety and tension 
occurring alone or accompanying various 
disease states. 
Contraindications: Patients with known 
hypersensitivity to the drug. 
Warnings: Caution patients about possible 
combined effects with alcohol and other 
CNS depressants. As with all CNS-acting 
drugs, caution patients against hazardous 
occupations requiring complete mental 
alertness (e.g., operating machinery, driv- 
ing). Though physical and psychological 
dependence have rarely been reported on 
recommended doses, use caution in admin- 
istering to addiction-prone individuals or 
those who might increase dosage; with- 
drawal symptoms (including convulsions), 
following discontinuation of the drug and 
similar to those seen with barbiturates, 
have been reported. Use of any drug in 
egnancy, lactation, or in women of child- 
earing age requires that its potential 
benefits be weighed against its possible 
hazards. 
Precautions: 
ORAL: In the elderly and debilitated and in 
children over six, limit to smallest effective 
dosage (initially 10 mg or less per day) to 
preclude ataxia or oversedation, increasing 
gradually as needed and tolerated. Not 
recommended in children under six. 
INjECTABLE: Keep patients under observa- 
tion, preferably in bed, up to three hours 
after initial injection; forbid ambulatory 
patients to operate vehicle following 
injection; do not administer to patients in 
Shock or comatose states; use reduced 
dosage (usually 25 to 50 mg) for the elderly 
or debilitated and for children age twelve 
or older. 


ORAL AND INJECTABLE: Though generally 
not recommended, if combination therapy 
with other psychotropics seems indicated, 
carefully consider individual pharmaco- 
logic effects, particularly in use of potentiat- 
ing compounds such as MAO inhibitors 
and phenothiazines, Observe usual pre- 
cautions in presence of impaired renal or 
hepatic function. Paradoxical reactions 
(e.g, excitement, stimulation and acute 
rage) have been reported in psychiatric 
patients and hyperactive aggressive chil- 
dren. Employ usual precautions in treat- 
ment of anxiety states with evidence of 
impending depression; suicidal tendencies 
may be present and protective measures 
necessary. Variable effects on blood coagu- 
lation have been reported very rarely in 
patients receiving the drug and oral 
anticoagulants; causal relationship has not 
been established clinically. 

Adverse Reactions: Drowsiness, ataxia and 
confusion may occur, especially in the 
elderly and debilitated. These are reversible 
in most instances by proper dosage adjust- 
ment, but are also occasionally observed at 
the lower dosage ranges. In a few instances 
syncope has been reported. Also encoun- 
tered are isolated instances of skin erup- 
tions, edema, minor menstrual irregu- 
larities, nausea and constipation, extra- 
pyramidal symptoms, increased and 
decreased libido — all infrequent and 
generally controlled with dosage reduction; 
changes in EEG patterns (low-voltage fast 
activity) may appear during and after 
treatment; blood dyscrasias (including 
agranulocytosis), jaundice and hepatic 
dysfunction have been reported occasior.~ 
ally, making periodic blood counts and liver 
function tests advisable during protracted 
therapy. 

With the injectable form, isolated instances 


and other disease states; and preoperative anxiety. 
When anxiety has been reduced to appropriate, 
tolerable levels, therapy with Librium 
(chlordiazepoxide HCl) should be discontinued. 


true of all CNS-acting drugs, when therapy with 
Librium is initiated, patients should be cautioned 
against hazardous occupations requiring complete 
mental alertness, such as operating machinery or 
driving a motor vehicle. 


without the need for increase in dosage. When 
therapy is protracted, periodic blood counts and 
liver function tests are advisable. 


of hypotension, tachycardia and blurred 
vision have been reported; also hypo- 
tension associated with spinal anesthesia, 
and pain following I.M. injection. 

Usual Daily Dosage: Individualize for 
maximum beneficial effects, Oral: Adults: 
Mild and moderate anxiety and tension, 

5 or 10 mg t.i.d. or q.i.d.; severe states, 20 or 
25 mg t.i.d. or q.i.d. Geriatric patients: 5 mg 
b.i.d. to q.i.d. (See Precautions.) 

For Parenteral Adminisiration: Should be 
individualized according to diagnosis and 
response. While 300 mg may be given dur- 
ing a 6-hour period, do not exceed this dose 
in any 24-hour period. To control acute 
conditions rapidly, the usual initial adult 
dose is 50 to 100 mg I.M. or LV. Subsequent 
treatment, if necessary, may be given orally. 
(See Precautions.) 

Supplied: 

Oral: Librium? (chlordiazepoxide HCl) 
Capsules—5 mg, 10 mg and 25 mg — bottles 
of 100 and 500; Tel-E-Dose® packages of 1000. 
Libritabs? (chlordiazepoxide) Tablets —5 mg, 
10 mg and 25 mg -- bottles of 100 and 500. 
Injectable; Librium® (chlordiazepoxide HCI) 
Ampuls— Duplex package consisting of a 
5-ml dry-filled ampul containing 100 mg 
chlordiazepoxide HCl in dry crystalline 
form, and a 2-ml ampul of Special Intra- 
muscular Diluent (for I.M. administration). 
Before preparing solution for I.M. or LV. 
administration, please consult package 
insert for instructions on preparation and 
administration of solutions. Boxes of 10. 


Roche Laboratories 
Division of Hoffmann-La Roche inc. 
Nutley, N.J. 07110 


4 advanced chest drainage units provide 
exclusive advantages for every clinical need 



















2 Suction, Water Seal and Collection Chambers are 
| housed in a single disposable plastic unit. 1 inlet and 
| 

i 

A 

| 





1 outlet. Optimum speed and convenience, complete 
patient protection. 


<- ADULT NON-METERED Code No. A-4000 


Collection Chamber calibrated in 2 cc. increments 
up to 260 cc., in 5 cc. increments up to 2700 cc. 


ADULT-PEDIATRIC METERED Code No. A-4010 


Same as #1 but also has measuring devices to indi- 
cate quantity of air leaking from the patient’s chest 
and quantity of air bubbling through the Suction 
Chamber. 
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INFANT NON-METERED Code No. A-4020 


Collection Chamber capacity is only 225 cc., cali- 
brated in 14 cc. increments for the 1st 10 cc. and in 
1 cc. increments up to 225 cc. 


4 INFANT METERED Code No. A-4030 => 


Same as £3 but also has measuring devices to indi- 
cate quantity of air leaking from the patient's chest 
and quantity of air bubbling through the Suction 
Chamber. 


Pleurevat 2352525. - 


For a demonstration at your hospital, contact your local representative or write — 
KRALE LABORATORIES 2:52 se 
QUEENS VILLAGE, NEW YORK 11429 
Pledged to Continuing Research in Chest Drainage 


U.S. Patents No. 3363626 & 3363627. Other U.S. Patents Pending. . Corresponding Patents and Patents Pending in Foreign Countries. 
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Kand K, 


ug There can be no question that phytonadione 
[vitamin Kı] is the drug of choice and 
the only drug recommended to reverse an 
excessive degree of [oral anticoagulant- 
induced] hypoprothrombinemia. »» 


Udall, J.A.: Don't use the wrong vitamin K, 
Calif. Med. 112:65-67, April, 1970. 


INJECTION, 2 mg or 10 mg per c 


AquaMEPHYTON' 


(PHY TONADIONE | MSD) 


PHY Colloidal Solution of Vitamin K, 








offers more prompt and 
-a predictable correction of 
mm excessive hypoprothrombinemia 
| induced by oral anticoagulants 





For a brief summary of prescribing information, please see facing page. 


. 


The logic of specifying vitamin K, 
(phytonadione) instead of "vitamin K” 


1. Although they are loosely referred to as 
"vitamin K," actually menadione, menadiol, and 
their water-soluble salts are analogs with 
vitamin K-like activity. Since they lack the phytyl 
side chain, they are less effective as a corrective 
of the hypoprothrombinemic bleeding induced 
by oral anticoagulants. 

2. Only vitamin K; (phytonadione) has this 
phytyl side chain. Therefore, vitamin K: 
(phytonadione) is the preferred agent as a specific 
antidote to the oral anticoagulants. 


Warnings: In anticoagulant-induced hypoprothrombinemia, overzeal- 
ous therapy may restore conditions which originally permitted throm- 
boembolic phenomena; keep dosage as low as possible and check 
prothrombin time regularly. Phytonadione will not counteract the 
anticoagulant action of heparin. 

Precautions: Avoid rapid intravenous injection; intravenous adminis- 
tration, when warranted, must not exceed a rate of 5 mg per minute. 
Temporary resistance to prothrombin-depressing anticoagulants may 
result, especially when larger doses of phytonadione are used; when 
reinstituting anticoagulant therapy after relatively large doses of 
phytonadione, it may be necessary to use somewhat larger doses of 
the prothrombin-depressing anticoagulant, or to use one which acts 
on a different principle, such as heparin sodium. 

The aqueous colloidal solution for injection should not be diluted with 
other than the recommended diluents. When dilutions are indicated, 
administer immediately after mixture with diluent, and discard un- 
used portions of the dilution as well as unused contents of the ampul. 
Store in a dark place and protect from light at all times, even after 
dilution. 

Adverse Reactions: Rarely, severe reactions, including shock, have 
occurred with rapid intravenous administration. Transient "flushing 
sensations" and "peculiar" sensations of taste have been observed, 
as well as rare instances of dizziness, rapid and weak pulse, profuse 
sweating, brief hypotension, dyspnea, and cyanosis. Occasionally, 
pain, swelling, and tenderness at the injection site may occur. The 
possibility of allergic sensitivity, including an anaphylactoid reaction, 
should be kept in mind. 

Hyperbilirubinemia has been observed rarely in the newborn following 
administration of phytonadione in a dose of 25 mg. However, at the 
usual prophylactic dose of 1 mg, this has not occurred. Kernicterus 
has not been reported following administration of the aqueous col- 
loidal solution at any therapeutic dose level. 

How Supplied: Injection AquaMEPHYTON (Phytonadione, MSD)— 
yellow, sterile, aqueous, colloidal solution containing in each cc: 
phytonadione (vitamin K), 2 mg or 10 mg; 70 mg polyoxyethylated 
fatty acid derivative, 37.5 mg dextrose, and 0.9% benzyl alcohol. In 
0.5-cc ampuls containing 1 mg vitamin K,, and in 1.0-cc ampuls and 
2.5- and 5.0-cc multiple-dose vials containing 10 mg vitamin K, per 
cc. Also Supplied: Tablets MEPHYTON (Phytonadione, MSD)—5 mg, 
yellow, scored tablets in bottles of 100. MSD 


For more detailed information, consult your MSD rep- 
resentative or see full prescribing information. Merck EK 
Sharp & Dohme, Division of Merck & Co., Inc., West SHARPs 
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Illustrated below are several 
factors which can also 
induce or intensify 
hypoprothrombinemia. 


While they by no means make 
hypoprothrombinemia 
inevitable, the presence of 

any one of these may warrant 
evaluation of prothrombin time. 


obstructive jaundice 


xr 


: W isu 
D a 


antibacterial therapy 
A 


salicylates, 
propylthiouracil, and others 





A life-threatening staph* infection? 


Culture result 
tomorrow. 


Whichantibioti 
tonight? 


Initial therapy. 

Culture and susceptibility studies can easily eat up 24-48 hours. If you suspect 
penicillinase-producing staphylococci and must begin therapy before definitive 
culture results are known, Unipen Injection is particularly suitable? Appropriate 
specimens for bacteriologic studies should be taken prior to the first dose of anti- 
biotic to determine the causative organisms and their susceptibil ty'to nafcillin. 


Rapid penetration. 

Unipen appears rapidly in plasma following intramuscular administration. 
Penetrates body tissues in high concentration and diffuses well into pleural, 
pericardial and synovial fluids. 


"On call" capability. 
Reconstitutes in less than 60 seconds. Remains stable for 24 hours? 


*When caused by nafcillin-susceptible penicillinase-producing staphylococci. 
tSee Important Note on page after next. 
tSee important information under Parenteral Administration on page after next. 


See important information ® 
on page after next. 


(sodium nafcillin) 


as the monohydrate, buffered, Wyeth 
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Affords a specific approach 
to susceptible penicillinase- 
producing staph infections. 


UNIPEN 
[sodium nafcillin) 


as the monohydrate, buffered, Wyeth 


Ease of reconstitution plus 24-hour stability in l.V. solu- 
tions put this potent antistaph agent ‘‘on call.” 
No precipitation, less than 10% loss in activity in I.V. 
solutions held at room temperature for 24 hours.t 

e 5% dextrose in water 

e 5% dextrose in 0.4% NaCl solution 

e Isotonic NaCl 

e Ringer's solution 

e M/6 sodium lactate solution (conc. of 30 mg/ml) 


+See “Intravenous Route” section of Brief Summary on this page. 


Indications 

The principal indication for sodium nafcillin is in the treatment of 
infections known to be due to penicillinase-producing staphylococci 
which have been shown to be sensitive to it. 

Bacteriologic studies to determine the causative organisms and 
their sensitivity to sodium nafcillin should be performed. 

If antibiotic therapy is considered necessary in potentially serious 
infections while awaiting reports of cultures and sensitivity studies, 
sodium nafcillin may be used to initiate therapy in such patients in 
whom a penicillinase-producing staphylococcus is suspected (see 
Important Note below). 

In serious, life-threatening infections, oral preparations of the 
penicillinase-resistant penicillins should not be relied on for initial 
therapy. 

Important Note 

When it is judged necessary that treatment be initiated before 
definitive culture and sensitivity results are known, the choice of 
sodium nafcillin should take into consideration the fact that it has 
been shown to be effective only in the treatment of infections caused 
by pneumococci, Group A beta-hemolytic streptococci and penicillin 
G-resistant and penicillin G-sensitive staphylococci. If the bacteri- 
ology report later indicates the infection is due to an organism other 
than a penicillin G-resistant staphylococcus sensitive to sodium naf- 
cillin, the physician is advised to continue therapy with a drug other 
than sodium nafcillin or any other penicillinase-resistant semi- 
synthetic penicillin. 

Methigillin is a compound that acts through a mechanism similar 
to that of sodium nafcillin against penicillin G-resistant staphylo- 
cocci. Strains of staphylococci resistant to methicillin have existed 
in nature and it is known that the number of these strains reported 
has been increasing. Such strains of staphylococci have been 
capable of producing serious disease, in some instances resulting 
in fatality. Because of this there is concern that widespread use of 
the penicillinase-resistant penicillins may result in the appearance 
of an increasing number of staphylococcal strains which are re- 
sistant to these penicillins. 

Methicillin-resistant strains are almost always resistant to all 
other penicillinase-resistant penicillins (cross resistance with ceph- 
alosporin derivatives also occurs frequently). Resistance to any 
penicillinase-resistant penicillin should be interpreted as evidence 
of clinical resistance to all, in spite of the fact that minor variations 
in in vitro sensitivity may be encountered when more than one 
penicillinase-resistant penicillin is tested against the same strain 
of staphylococcus. 

Routine methods of antibiotic sensitivity testing may fail to detect 
strains of organisms resistant to the penicillinase-resistant penicil- 
lins. For this reason, the use of large inocula and 48-hour incubation 
periods may be needed to obtain accurate sensitivity studies with 
these antibiotics. 

Contraindications 

A history of allergic reaction to any of the penicillins is a contra- 

indication. 


Warnings 

Serious and occasionally fatal hypersensitivity (anaphylactoid) re- 
actions have been reported in patients on penicillin therapy. Although 
anaphylaxis is more frequent following parenteral therapy it has 
occurred in patients on oral penicillins. These reactions are more 
apt to occur in individuals with a history of sensitivity to multiple 
allergens. 

There have been reports of individuals with a history of penicillin 
hypersensitivity reactions who have experienced severe hypersen- 
sitivity reactions when treated with a cephalosporin. Before therapy 
with a penicillin, careful inquiry should be made concerning previous 
hypersensitivity reactions to pencillins, cephalosporins, and other 
allergens. If an allergic reaction occurs, appropriate therapy should 
be instituted, and discontinuation of nafcillin therapy considered. 
The usual agents (antihistamines, pressor amines, corticosteroids) 
should be readily available. 

Precautions 

As with any potent drug, periodic assessment of organ system 
function, including renal, hepatic and hematopoietic, should be 
made during prolonged therapy. 

The possibility of bacterial and fungal overgrowth should be kept 
in mind during long-term therapy. If overgrowth of resistant organ- 
isms occurs, appropriate measures should be taken. 

The oral route of administration should not be relied upon in 
patients with severe illness, or with nausea, vomiting, gastric dilata- 
tion, cardiospasm or intestinal hypermotility. 

Safety for use in pregnancy has not been established. 

Particular care should be taken with intravenous administration 
because of the possiblity of thrombophlebitis. 


Adverse Reactions 

Reactions to sodium nafcillin have been infrequent and mild in 
nature. As with other penicillins, the possibility of an anaphylactic 
reaction or serum sickness-like reactions should be considered. A 
careful history should be taken. Patients with histories of hay fever, 
asthma, urticaria, or previous sensitivity to penicillin are more likely 
to react adversely. 

The few reactions associated with the intramuscular use of sodium 
nafcillin have been skin rash, pruritus, and possible drug fever. As 
with other penicillins, reactions from oral use of the drug have in- 
cluded nausea, vomiting, diarrhea, urticaria, and pruritus. 


Parenteral Administration 

It is recommended that parenteral therapy be used initially in 
severe infections. The patient should be placed on oral therapy with 
this product as soon as the clinical condition warrants. tintravenous 
Route: If given by intravenous infusion, use only these solutions— 
isotonic NaCl, 5% dextrose in water, 5% dextrose in 0.4% NaCl 
solution, Ringer’s solution or M/6 sodium lactate solution (conc. of 
30 mg./ml.). Discard any unused portions of I.V. solutions after 24 
hours. The concentration of the antibiotic should fall within the 
range of 2 to 30 mg./ml. The drug concentrate and the rate and 
volume of the infusion should be adjusted so that the total dose of 
nafcillin is administered before the drug loses its stability in the 
solution in use. 

There is no clinical experience available on the use of this agent in 
neonates or infants for this route of administration. 

This route of administration should be used for relatively short- 
term therapy (24-48 hours) because of the occasional occurrence of 
thrombophlebitis, particularly in elderly patients. 


Intramuscular route: After reconstitution, keep under refrigera- 
tion and use within 48 hours. The clear solution should be adminis- 
tered by deep intragluteal injection immediately after reconstitution. 

Oral Administration 

Beta-hemolytic streptococcal infections should be treated for at 
least 10 days to prevent development of acute rheumatic fever or 
glomerulonephritis. 

If oral therapy is inadequate, resort to parenteral sodium nafcillin. 

After mixing, the oral solution must be stored in a refrigerator. 
Discard any unused portion after one week. 


Supplied 

INJECTION—Vials of 500 mg., 1 and 2 Gm. Each cc. after re- 
constitution contains 250 mg. nafcillin buffered with 10 mg. sodium 
citrate. Also available—CAPSULES—containing sodium nafcillin, 
as the monohydrate, equivalent to 250 mg. nafcillin buffered with 
calcium carbonate in bottles of 24 and 100, and REDIPAK® (strip 
pack) Wyeth, boxes of 25. FOR ORAL SOLUTION—Combination 
pkg. of vial of dry sodium nafcillin as monohydrate and bottle of 
diluent—provides 80 cc.of solution containing equivalent of 250 mg. 
nafcillin per 5 cc. Alcohol 2%. 


WYETH LABORATORIES PHILADELPHIA, PA. 


Experimental Studies Concerning the Hemodynamic Effects of 


HIS EXPERIMENTAL STUDY was undertaken with the 
115 of further clarifying the renal and cardio- 
circulatory effects of ethacrynic acid. It was planned 
in such a way as to include observations upon elec- 
trolyte excretion, renal blood flow, limb blood flow, 
cardiac output estimations as reflected by alterations 
in superior and inferior vena caval return and the in- 
fluence of varving the cardiac output upon renal blood 
flow. 


Materials and Methods 

Mongrel dogs varying in weight from 15 to 27 Kg. 
were used. They were anesthetized with pentobarbitol 
sodium, 30 mg./Kg. Subsequent small doses of this 
anesthethic agent were administered as required. Tra- 
cheal intubation was carried out and ventilation. with 
room air was maintained by a Harvard respirator. All 
the animals received a basic intravenous infusion of 
one cc./Kg./hour of physiologic saline solution. 

Urine was collected from indwelling bladder cath- 
eters introduced transurethrally. Urine and serum 
electrolyte concentrations of sodium, potassium and 
chloride were measured by standard laboratory meth- 
ods. Acid-base determinations were made on arterial 
blood by the Astrup method. Blood volume was esti- 
mated with the Volemetron utilizing 131). 

Blood Flow Studies: All operative procedures were 
carried out with clean sterile instruments, tubing and 
burets, but under non-sterile conditions, Each animal 
was heparinized by the intravenous administration of 
300 units per kilogram. Arterial blood pressure was 
monitored through a femoral catheter using a mercury 
manometer. 





Submitted for publication July 28, 1971. 
Aided by a grant from the James Whitcomb Riley Memorial 
Association. 
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Renal blood flow was measured directly according 
to a modification of a method previously utilized ex- 
tensively in this laboratory (Fig. 1).! A mid-line in- 
cision was made to expose the left renal vein. A small 
plastic catheter was inserted into the renal vein through 
the gonadal vein in order to permit monitoring of 
renal venous pressure. A large bore thin-walled plas- 
tic tube was placed in the right external jugular vein 
and carefully manipulated through the right atrium 
into the inferior vena cava. By transabdominal digital 
guidance the catheter was maneuvered into the left 
renal vein. A heavy cloth tape was placed about the 
vein so that when drawn taut it would insure complete 
diversion of renal blood into the catheter. The proxi- 
mal end of the catheter led to a siliconized glass buret. 
The blood collected in the buret was returned by 
Sigma-motor pump into the circulation via the left 
external jugular vein. The height of the buret was 
adjusted to maintain the renal venous pressure at the 
same level as the pressure prevously determined prior 
to diversion of its flow. Following this manipulation 
during the control period, no further adjustment in the 
level of the buret was made. Any slight difficulty with 
flow was quickly recognized by an increase in the renal 
venous pressure and immediately corrected. Renal 
venous flow determinations were made over a 2X hour 
period. 

Hind direct 
method." A large thin-walled polyethylene tube was 
inserted into the infrarenal inferior vena cava and di- 
rected in the right external iliac vein. Femoral venous 


limb flow was measured also by a 


pressure was recorded distally in order to make sure 
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Fic. 1. Drawing illustrat- 
ing method for determin- 
ing renal blood flow. 





no obstruction in flow occurred. The venous blood 
was allowed to drain into a glass buret and was then 
delivered by a Sigma-motor pump back into the circu- 
lation via an external jugular vein. 

Inferior vena caval flow was similarly measured.* 
A large bore tube was placed into the inferior vena 
cava through the appendage of the right atrium. Blood 
drained from it into a buret and thence was returned 
to the animal through an external jugular vein. The 
superior vena caval flow was measured in similar 
fashion. In these studies the blood was returned to the 
animal through a femoral vein. | 

In each instance, the flow determinations were made 
by. stopping the return flow to the animal for a brief 
period and carefully determining the time period re- 
quired for accumulation of a standard amount of blood 
in the buret. D 

Studies of renal blood flow under the influence of 
ethacrynic acid during controlled variation of cardiac 
output were performed with the aid of total cardiopul- 
monary bypass (Fig. 2). Temptro! oxygeriators, cardi- 
otomy reservoirs and a Sigma-motor pump were used. 
The pump was calibrated prior to each procedure for 
the desired flow, that is, 100 cc./Kg./min. or 60 cc. 
Kg./min. The inflow catheter was introduced into the 
ascending limb of the aorta. Fresh canine blood care- 
fully matched with the recipient animal's blood was 





* These also were modifications of methods previously employed 
extensively in this laboratory.*5 


ROSS AND SHUMACKER, 7R. 
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utilized to prime the oxygenator. If any sign suggesting 
a blood reaction appeared, the experiment. was ter- 
minated. All tubing was thoroughly washed and al- 
lowed to soak in sodium hydroxide solution before be- 
ing thoroughly rinsed and sterilized. 

Renal venous flow during total cardiopulmonary by- 
pass was measured directly by inserting the catheter 
into the suprarenal inferior vena cava rather than 
through the jugular vein as in the other experiments. 
Femoral vein pressure during this manipulation pro- 
vided assurarice that there was no interference with 
proper inferior vena caval flow. 'The renal venous 
blood was directed into a buret, then into the cardi- 
otomy reservoir of the oxygenator by means of a smaller 
Sigma-motor pump. The temperatures of all animals 
were kept normal by means of a heat exchanger built 
into the oxygenator system and fed by a controlled 
water bath. 

When ethacrynic acid was administered it was given 
as a single intravenous injection in the dose of 5 mg./ 
Kg. of body weight. Glucagon when given was also 
injected intravenously, 0.05 mg./Kg. of body weight. 


Results of Study 

Urine Excretion and Composition of Blood and 
Urine: Seven animals served as controls and received 
no ethacrynic acid, while six were given this agent. 
The average volume of urine and the amount of sodium 
and potassium excreted in both groups were measured. 
The mean values in the treated animals. were utilized 
to calculate the amount and electrolyte composition 
of an additional intravenous infusion for . administra- 
tion on a weight basis to a third group of three ani- 
mals in addition to the standard infusion of physi- 
ologic saline solution which all animals received. Ex- 


Fic. 2. Drawing illustrat- 
ing method for determin- 
ing renal blood flow 
during controlled cardio- 
pulmonary bypass. 
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creted urine volumes were considered on the basis of 
cc./Kg./min. 

In the anesthetized normal control animals not re- 
ceiving ethacrynic acid there was no consistent effect 
upon volume of urine excreted. In most of the animals 
the urine output was small in the neighborhood of 
0.01 cc/Kg./min. ( Fig. 3). 

In the experimental animals which received etha- 
crynic acid, a marked diuresis occurred. This was 
greatest during the first 30 minute time period. The 
urine excreted ranged from 0.13 to 0.41 cc./Kg./ 
min. The effect was usually evident for 4 hours. The 
group response was highly significant (p < 0.001). 

The three animals which received ethacrynic acid 
and the supplementary infusion had a urine output 
roughly equal to that of the other group plus the vol- 
ume of the additional infusion given. 

Serum sodium values measured periodically during 
these studies showed no tendency for deviation from 
the control values. Serum potassium, however, was 
found to be significantly less (p « 0.5) in the group 
given ethacrynic acid (Fig. 4). Serum chloride levels 
were not significantly altered in either group. 

The urine sodium concentration in the control ani- 
mals ranged from 12 to 262 mEmq./l. at the beginning 
of anesthesia and varied inconsistently during the next 
6 hours. At the end of the 6-hour period, the variation 
ranged from 62 to 334 mEq./1. 

Those animals given ethacrynic acid also showed 
wide variation in urine sodium concentration at the 
beginning but the concentration. became remarkably 
constant after the first 15 minutes, It varied only 
from 126 to 139 mEq./l and this pattern held true 
for the next 2 hours. After this period it no longer main- 
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Fic. 3. Chart showing mean urine excretion control animals 
(triangles), in those which received ethacrynic acid (circles), and 
mean urine excretion less the amount of the supplementary in- 
fusion in those animals which were given ethacrynic acid and an 
intravenous supplement (squares). i 
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Fic. 4. Chart illustrating mean serum. potassium. concentrations 
in control animals (triangles) and in those which were given 
ethacrynic acid (circles). 


tained this consistency and appeared, at the end of 
six hours, to be approaching the wide range noted in 
the control group. 

The same pattern was observed during the period 
of diuresis in those animals which received the sup- 
plementary infusion of water and electrolytes. Before 
the administration of ethacrynic acid, their sodium 
concentration ranged from 5 to 240 mEq./l After 15 
minutes it varied only from 124 to 141 mEq./l. This 
uniformity held for 3 hours. 

The urine potassium concentration in the control 
animals was also noted to vary markedly, with a range 
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Fic. 5. Chart showing mean hematocrit values in control animals 
(triangles) and in animals given ethacrynic acid (circles), 
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Fic. 6. Chart illustrating renal blood flow studies in control animals 
(triangles) and in animals given ethacrynic acid (circles). 


from 16 to 342 mEq./l Following the administration 
of ethacrynic acid, however, a consistent response was 
observed. Fifteen minutes after it was given the urine 
potassium ranged only from 12 to 18 mEq./l, with 
the exception of one animal in which the concentra- 
tion was 27 mEq./l. This uniform response was 
maintained for approximately 2 hours, or well after the 
period of major diuresis. 

A similar pattern was noted in those animals which 
received the supplementary infusion. The concentra- 
tion of potassium in the urine ranged only from 17 to 
26 mEq./1. and this consistent response held true dur- 
ing a period of 4% hours. 

There was a significant difference in the urine sodium 
and potassium excretion between the control group 
and the two groups given ethacrynic acid. There was 
no significant difference in the electrolyte excretion 
between the two ethacrynic acid treated groups. 


TABLE 1. Renal Blood Flow Values in cc/ Kg. /min. with and without 
Ethacrynic Acid in Animals on Total Cardiopulmonary 
Bypass with Fixed Perfusion Rate of 100 





ce:/Kg./min. 

Time Periods* With E.A. Without E.A. 
1 10.5 9.9 
2 10.0 9.4 
3 9.5 9.1 
4 9.9 8.7 
5 9.3 8.5 
6 8.9 8.6 
7 8.7 8.9 
8 8.5 8.9 
9 8.3 8.6 

10 8.1 8.5 
11 8.1 8.9 
12 8.4 8.5 
13 8.3 8.5 





* Time periods 5 minutes each. 
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The urine chloride concentrations demonstrate : 
similar pattern. There were wide variations in the con. 
trol group and small variations in the experimenta 
groups following administration of ethacrynic acid. 

Hematocrit Observations: In the control group the 
hematocrit remained remarkably constant (Fig. 5) 
It increased significantly by a mean of 16 per ceni 
(p < 0.001) in animals given ethacrynic acid. After 
6 hours the hematocrit had fallen but not to mear 
control levels, In contrast, no appreciable increase in 
hematocrit was observed in the group of animals given 
ethacrynic acid and the supplemental infusion of water 
and electrolytes. 

No significant difference in blood volume was ob- 
served in the three groups studied. 

No significant change in Pos, Poos, or serum bicarbonate 
was observed in any of the three groups. 

Blood Flow Studies: There was progressive though 
very slight decrease in renal blood flow during the 
period of anesthesia in the five control animals studiec 
(Fig. 6). The left renal venous flow measured over 
a 2X hour period varied from a mean of 6.15 cc 
Kg./min. immediately after cannulation to a low of 
9.68 at the termination of the period of study. 

Marked increase in renal venous flow was observed 
within 2 minutes following the administration of etha- 
crynic acid in the five animals so studied. Fifteen 
minutes after the drug was given this group had a 
mean flow of 9.21 cc./Kg. min. and this increased 
to 9.73 after 30 min, Thereafter, the renal venous flow 
decreased slowly, though it remained above the con- 
trol level throughout the duration of the 2 hour period. 
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Fic. 7, Chart showing renal blood flow values during cardiopul. 
monary bypass with fixed perfusion of 60 cc./Kg./min. in control 
animals (triangles) those given ethacrynic acid (circles) and those 
given glucagon (squares). 
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The differences between the two group means are 
highly significant (0.001 < p < 0.005). 

Cardiac Output Estimations: No significant differ- 
ence in superior vena caval return nor in inferior vena 
caval flow was evident between the control animals and 
those given ethacrynic acid. Fairly wide variations 
were observed in both groups. 

Rather wide variations were also observed in the 
hind limb flow determinations in both control and 
experimental groups and no significant difference was 
observed between the two. 

Renal Blood Flow During Total Cardiopulmonary 
Bypass: The renal flows varied from 9.9 to 8.5 cc./Kg. 
/min. in five animals which served as controls and which 
had a fixed perfusion of 100 cc./Kg./min. during a 25 
hour period. There was noted a tendency for the renal 
blood flows to decrease slightly as time passed by. 

Six animals similarly perfused at the rate of 100 cc. 
/Kg./min. and given ethacrynic acid showed no 
statistically significant difference in renal blood flow 
in comparison with the control animals. Their flows 
varied from 10.5 to 8.3 cc./Kg./min. (Table 1). 

Four control animals on cardiopulmonary bypass at 
60 cc./Kg./min. had a mean left renal blood flow of 
8.45 cc./Kg./min. (Fig. 7 and Table 2). The four 
animals similarly studied but given ethacrynic acid 
had a mean flow of 6.97 cc./Kg./min., a value not 
statistically significantly different from that of the con- 
trol group. 

In contrast, the four animals on total cardiopul- 
monary bypass at 60 cc./Kg./min. given glucagon 
had a noticeable increase in left renal blood flow. The 
mean was 10.75 cc./Kg./min. The response was noted 
immediately following the administration of glucagon and 
was 40 per cent greater than the control level 30 minutes 
later. 

A noticeable diuresis was observed in those animals 
given ethacrynic acid and perfused at 100 cc./Kg./ 
min. while the urine output tended to decrease in the 
control animals (Fig. 8). 

A slight diuresis was observed in those which re- 


TABLE 2. Renal Blood Flow Values in cc./Kg./min. with and 
without Ethacrynic Acid and with Glucagon in Animals on 
Total Cardiopulmonary Bypass with Fixed 
Perfusion Rate of 60 cc/ Kg./:nin. 


With E.A. Without E.A. 
8.3 8.3 





Time Periods* With Glucagon 
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* Time periods 5 minutes each. 
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Fic. 8. Chart illustrating urine excretion during cardiopulmonary 
bypass with fixed perfusion of 100 cc./Kg./min. in control animals 
(triangles) and in those given ethacrynic acid (circles). 


ceived ethacrynic acid during total cardiopulmonary 
bypass at a perfusion rate of 60 cc./Kg./min. (Fig. 
9). No change was noted in the control group. The sin- 
gle animal studied after receiving glucagon demon- 
strated a very striking diuresis. 


Summary 


These experimental observations confirm the effec- 
tiveness of ethacrynic acid in increasing urine excre- 
tion. The effect was evident within several minutes 
and continued for a period up to 5 hours. The urinary 
excretion of electrolytes was remarkably consistent. 
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Fic. 9. Chart illustrating urine exrection during cardiopulmonary 
bypass with fixed perfusion of 60 cc./Kg./min. in control animals 
(triangles) in those given ethacrynic acid (circles) and in those 
given glucagon (squares). 
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Indeed, by measuring urine volume following the ad- 
ministration of ethacrynic acid, one could estimate 
fairly accurately the urinary sodium, chloride and po- 
tassium loss. 

An appreciable reduction in serum potassium con- 
centration was observed during these acute experi. 
ments following the administration of ethacrynic acid. 
Despite the loss of sodium and chloride into the urine, 
however, no significant effect upon their concentra- 
tions in the serum was observed. 

The animals demonstrated the expected rise in he- 
matocrit during the period of diuresis. 

No significant change in blood volume or serum Pos, 
Poo,, or bicarbonate was observed. 

Ethacrynic acid increased renal blood flow signi- 
ficantly in the anesthetized animal. This is in accord 
with other studies.^*^" It had no effect upon cardiac 
output as estimated by inferior and superior vena 
caval flow. It also had no effect upon limb blood flow. 

In contrast, under similar conditions glucagon 
brought about a substantial increase in renal flow as 
well as a diuresis. 

These studies provide no explanation of the mechan- 
ism of the increase in renal blood flow following the 
administration of ethacrynic acid since no significant 
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augmentation of renal flow was evident during con- 
trolled cardiopulmonary bypass, since no alteration in 
cardiac output or in limb flow was observed and since 
the influence of this agent upon blood flow in other 
areas, e.g. the splanchnic region, was not measured. 
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Lung Hernia: 


A Technic for Repair 


A. THOMAS SMITH, M.D.,* ROBERT W. JAMPLIS, M.D., F.A.C.S.** 


ERNIATION of the lung occurs infrequently. Most 
H instances are observed following thoracic trauma 
but occasionally they result from infection in or adjacent 
to the thoracic wall or because of some congenital 
weakness or at a prior thoracostomy tube drainage site. 

This report presents a true lung hernia which appeared 
at the site of a previous thoracotomy incision. A useful 
technic for surgical repair of the hernia is described. 


Case Report 


A 54-year-old man developed a symptomatic hernia. In De- 
cember 1967 a transthoracic hiatal herniorrhaphy was performed 
through a left 7th intercostal incision. No rib was removed. Fol- 
lowing the procedure the gastrointestinal symptoms abated. 

Unfortunately the patient had a life-long history of vasomotor 
rhinitis with tracheobronchitis. Postoperatively he developed bibas- 
ilar atelectasis which was treated vigorously by stimulating cough- 
ing via instillation of distilled water through a percutaneous 
transtracheal catheter. Shortly thereafter a small incisional lung 
hernia appeared which slowly increased in size becoming very 
painful after any type of coughing or Valsalva maneuver. For this 
reason he sought consultation at the Palo Alto Clinic. 

Pertinent physical findings included a healed surgical scar in 
the left 7th intercostal space with a moderate sized bulge noted 
at this location upon forced expiration or after coughing (Fig. 1). 

Further evaluation included bronchography which was normal 
and pulmonary function studies showing only mild restrictive air- 


way disease probably related to the discomfort experienced at the 


hernia site during the test. 
Yt was felt that surgical repair of the lung hernia could be 
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safely accomplished and on March 4, 1969, two years after the 
original thoracotomy, he underment repair of the hernia. 


Technic 


The patient was placed in the left thoracotomy position and 
an incision was made through the old scar over the 7th intercostal 
space. The incision was deepened through the subcutaneous tis- 
sues and the musculature of the chest wall onto the hernia sac 
which consisted of parietal pleura, splayed-out fibers of the inter- 
costal muscles, and a moderate amount of scar tissue from the 
prior operative procedure. The sac was completely dissected from 
the adjacent tissues without entering the pleural cavity. 

Using the Bovie electrocautery unit the periosteum covering the 
7th and 8th ribs was incised throughout the entire length of the 
ribs. The lower half of periosteum covering the 7th rib and the 
upper half of the periosteum over the 8th rib were then elevated 
to form periosteal flaps. 

Having completed preparation of the flaps attention was turned 
to placement of three #22 gauge stainless steel wfres. The pleura 
was freed from the inner aspect of the 7th and 8th ribs and three 
holes were made opposite each other in each rib using a hand 
awl. Steel wires were placed through these holes but not secured 
until later (Fig. 2). 

The previously prepared periosteal flaps were turned downward 
and upward respectively and the Bailey rib approximator was put 
into place bridging the 7th and 8th ribs, Interrupted #0 braided 
nylon suture was then used to approximate the upper and lower 
periosteal flaps thus obliterating the hernial defect. 

To further secure the repair, stabilize the chest at the involved 
intercostal space, and prevent tension on the suture line of the 
periosteal flaps the previously placed stainless steel wires were 
approximated by twisting them and then inverting the ends down 
into the holes in the ribs. This completed the hernia repair and 
the thoracotomy incision was closed in a standard manner. Since 
the pleural space was never entered no chest tubes were required. 

The patient had an uneventual postoperative course. The re- 
pair remains intact and the patient was asymptomatic 14 months 
following operation. 


Fic. 1. Picture shows old 
thoracotomy scar with 
lung herniation on forced 
expiration. 





Discussion 


The experience of any one surgeon in the treatment 
of lung hernia must be limited due to the infrequency 
of the occurrence. Furthermore, over-all experience has 
been insufficient to advocate one operative procedure 
over another as being superior in the repair of all lung 
hernias. 

Some authors prefer the use of Marlex mesh ??^ and 
feel this technic is especially good for large defects 
such as those following trauma. Others '* have used 
periosteal flaps as described in the present case report. 
Maurer and Blades * claim that any chest wall defect, 
regardless of size, can be repaired using only the 
structures normally present in the chest wall. Namely, 
the ribs, periosteum and muscle. 

The present report further emphasized the technic 
of using stainless steel wires to overcome the tendency 
of the ribs to spring apart and thereby they reduce 
tension on the periosteal flap suture line. Although the 
wires could break as a result of the constant stress 
placed upon them due to respiratory movement, this 
has not been a problem in the present case now 2% 
years following repair. Nevertheless, even if the wires 
did break it would undoubtedly require several months 
and by that time complete healing of the periosteal 
flaps would have occurred. 

We believe that Marlex mesh or other synthetic 
materials are rarely if ever necessary, and a good repair 
can be accomplished in nearly every instance by utiliz- 
ing the technic described in this report. 


Summary 


A case of herniation of the lung through an old 
thoracotomy wound which caused a large bulging pain- 
ful mass increasing on expiration, coughing, and strain- 
ing is presented. 

Important features in its repair are discussed includ- 
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Fic. 2. The interspace through which the herniation presented is 
shown together with the suturing of the periosteal flaps to correct 
the defect and reinforcement by steel wires. 


ing dissection of the hernia sac with elevation, turning, 
and approximation of periosteal flaps from the ribs above 
and below the defect. The additional technic of plac- 
ing #22 gauge stainless steel wires through drill holes 
in the adjacent ribs to stabilize the repair and assure 
healing without tension is illustrated. 
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HE SURGICAL MANAGEMENT of solitary nonparasitic 
ese of the liver has not been rigidly defined. 
Lobectomy, excision, drainage, marsupialization, and 
aspiration have all been utilized in the recent past with 
generally satisfactory results.!:*.51? 

Cystic malignant neoplasms are uncommon and rarely 
considered in the choice of operation. The opportunity 
to treat a patient with a carcinoma in a solitary hepatic 
cyst has prompted the followed report. 


Case Report 


Pathology. J. K. (UMMC #1176036), a 21-year-old woman, 
first consulted a physician in September, 1969, early in her sec- 
ond pregnancy because of dull (R) upper quadrant and flank 
pain. Evaluation at that time included an oral cholecystogram, 
intravenous pyelogram, and upper gastrointestinal x-rays. The 
original interpretation indicated no abnormalities, although later 
review demonstrated the gallbladder to be displaced to the left 
of the midline (Fig. 1). In early February, 1970, she began to 
experience (R) shoulder pain. There were no associated chills 
and fever. Concurrently, she also noticed decreased caliber of 
stools and constipation. She denied nausea, vomiting, melena, 
jaundice, or exposure to toxic agents. She was admitted to a local 
hospital on February 10, 1970, where physical examination con- 
firmed the presence of a 16-week gravid uterus and demonstrated 
a large firm mass filling the upper abdomen and extending to 
the left of the umbilicus. The spleen was not palpable and the 
patient was anicteric. The remainder of the physical examina- 
tion was normal. Laboratory studies included normal serum 
calcium, phosphorus, proteins, A/G ratio, cholesterol, uric acid, 
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Malignant Nonparasitic Cyst of the Liver 


Case Repor: 
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BUN, glucose and alkaline phosphatase. The SGOT was 75 LU 
arid SGPT 17.7 LU. The urinalysis showed 1+ proteinura wit 
3-5 WBC per high power field. An elevated right hemidiaphragr 
was seen on the chest film (Fig. 2), and the right upper ab 
domen was filled with a homogeneous density. Upper GI x-ra 
demonstrated displacement of the stomach bubble to the lef 
(Fig. 3) and the hepatic flexure was depressed on bariur 
enema. An intravenous cholangiogram did not visualize th 
ductal system. Arteriography was nondiagnostic due to technics 
failure to visualize the celiac axis. 

The patient was transferred to the University Hospital o: 
February 16, 1970. Repeat laboratory studies did not reves 
significant changes. Additional radiologic studies were deferre 
at this time because of heavy x-ray exposure in early pregnancy 
She was scheduled for exploratory celiotomy with possibl 
therapeutic abortion. At laparotomy on Februesy 23, 1970, 
large cystic mass was found replacing most of the right hepati 
lobe (Fig. 4). It wás adherent to the dome of the diaphragm 
Approximately 3100 cc. of chocolate colored liquid were ob 
tained with ‘aspiration. Cytologic examination of the fluid con 
tents was negative for carcinoma and there was no evidenc 
of echinococcal hydatids or amoeba. The frozen section of th 
cyst wall demonstrated large, atypical polygonal cells. Thes 
cells on permanent section were interpreted as bizarre, hyper 
plastic, mesenchymal cells, possibly neoplasm but more likel 
a manifestation of unusual inflammatory or reactive change: 
The lesion was felt to represent a healing abscess, hematom: 
or infarct. 

The postoperative course was uneventful, and the patient wa 
discharged on the tenth postoperative day awaiting hemaglutina 
tion studies for amebiasis which were submitted to the Nationa 
Cominunicable Disease Center in Atlanta, Georgia. These wer 
interpreted as non-reactive. 

Mrs. J. K. was re-admitted on March 20, 1970. Her abdomine 
complaints were unchanged, and the mass had increased in size 
After preoperative evaluation, a second celiotomy was per 
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Fic. 1. Pyelogram demonstrates normal renal outlines and upper 
collecting systems. The gallbladder from the oral cholecystogram 
is visualized and appears displaced to the left of the mid-line. 


formed on March 23, 1970. Aspiration of the cyst this time pro- 
duced 4550 cc. of fluid. Smears and cell block were positive 
for malignancy. A formal right hepatic lobectomy was then 
carried out. The evacuated surgical specimen measured 18 cm. 
in diameter and weighed 850 grams with approximately one 
third of the mass grossly identifiable as liver tissue (Fig. 5). 
The cyst wall was irregular in contour and texture, covered 
entirely by hemorrhagic fibrinous membrane. The mass did not 
extend to the surgical margin of the specimen (Fig. 6). 
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Fic. 3. Upper gastrointestinal film confirms the presence of a 
homogeneous right sided mass with displacement of the stomach 
and proximal small bowel to the left side. 


Microscopically the wall of the cyst consisted primarily of 
partially necrotic, large neoplastic cells with bizarre nuclei. The 
shape varied from spindled to stellate and polygonal forms. 
Multinucleated The intercellular stroma 
was hvalinized and interrupted by irregular spaces lined with 
atypical epithelial cells. The interior of the cyst was likewise 
lined with similar atvpical epithelial cells which in places. pro- 
liferated to form some intramural tubular and duct-like struc- 
tures, The lesion was a histologically malignant neoplasm, but 


cells were numerous. 





Fic. 2. The chest film demonstrates elevation of the right hemi- 
diaphragm with opacification of the right upper abdomen. 


Fic. 4. Solitary cyst found at the first operation. The entire right 
lobe except the anterior inferior border is replaced by the mass. 
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Fic. 5. Evacuated unilocular malignant cyst measuring 18 cm. in 
diameter, 


the exact classification was uncertain. One element appeared to 
be carcinoma. The bizarre stromal component may have been 
more areas of carcinoma (Figs. 7 & 8). 


Fic. 7. Photomicrograph 
of infiltrating adenocar- 
cinoma in the wall of the 
cyst, immediately adja- 
cent to the necrotic cen- 


ter. (H & E x 180). 
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Fic. 6. Gross surgical specimen at the periphery of the neoplasm. 
The cystic mass is traversed by irregular tissue septa. The pe- 
riphery is limited from the adjacent hepatic parenchyma by a 
fibrinous membrane. 


On the second postoperative day the patient went into active 
labor and delivered a grossly normal stillborn male fetus. The 
placenta was delivered spontaneously, and subsequently she 
had no gynecologic complaints. The remainder of the post- 
operative course was unremarkable except for the development 
of a subhepatic abscess which did not require re-operation. After 
drainage was accomplished she was discharged on the 27th 
postoperative day. She has remained well on follow-up visits 
without evidence of further hepatic involvement or metastases 
18 months after resection of the neoplasm. 
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Comment 


The first report of a solitary, nonparasitic cyst of the 
liver was by Michel in 1856." Subsequently individual 
contributions and collective reviews have documented 
over 350 benign solitary liver cysts in the English litera- 
ture. 2467 Malignant degeneration of polycystic livers 
has been previously reported.'""'* To our knowledge this 
is the first description of a malignancy presenting in a 
solitary nonparasitic cyst. 

Solitary hepatic cysts usually occur in the female with 
a reported ratio of 4:1.+1 The right lobe is more fre- 
quently involved (2:1) and unlike polycystic disease, is 
not associated with lesions in other organs. Nonparasitic 
cysts have been found in all age groups but the diagnosis 
is made more commonly in the fifth and sixth decade.**!! 
Findings in the case presented would seem to agree with 
Moschowitz's contention, as reported by Flagg, that these 
cysts arise from aberrant bile ducts or embryonic rests." 

Although a correct preoperative diagnosis is seldom 
made, the presence of an asymptomatic mass in the 
right upper quadrant or midepigastrium should arouse 
suspicion of a cyst. The patients complaints usually 
result from the delayed space occupying effects of the 
lesion. Preoperatively the complaints are of abdominal 
distention, nausea, flatulence, weight loss, constipation 
and satiety. Jaundice is rare and secondary to mechan- 
ical obstruction of the bile ducts. Laboratory examina- 
tions and liver functions tests are unrewarding and often 
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confusing. Echinococcal disease and amebiasis may be 
ruled out by the Casoni and hemagglutination tests. 
Routine roentgeonologic examinations will confirm the 
presence of a parahepatic mass. Liver scans and selective 
angiography are often helpful in determining if one 
is dealing with a solid tumor or cyst. 

The development of surgical treatment of hepatic cysts 
is discussed in the recent scholarly reviews of Geist ° 
and Flagg and Robinson.* While aspiration is acceptable 
as a diagnostic procedure, the chances of peritoneal 
seeding from spillage of a parasitic or malignant cyst 
are inherently present. Likewise before proceeding with 
marsupialization, internal drainage, or partial excision, 
our experience indicates that malignancy must be ruled 
out. These procedures, as recently recommended for 
small lesions, should be reserved for the poor risk patient 
who cannot tolerate a longer procedure. 

Good results are obtained most frequently with total 
excision. Lobectomy appears to have been employed 
onlv in instances in which large lesions replacing the 
involved lobe have made the procedure mandatory. 9 
However, the possibility of malignancy in solitary cysts 
was not discussed by these authors. Additionally, the 
incidence of late recurrence and infection is higher with 
lesser procedures. Our experience emphasizes the im- 
portance of obtaining frozen sections from multiple 
sites in the cyst wall at the time of operation and con- 
firms the need for total removal of the cyst. 
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Summary 


A case of carcinoma in a solitary cyst of the liver is 
presented. The tissue diagnosis is described and the rarity 
of such a lesion is emphasized. Lobectomy is proposed 
as the procedure of choice in treating malignant non- 
parasitic solitary cysts of the liver. 
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Book Review 


Operative Surgery: Principles and Techniques, Edited 
by Paul F. Nora, M.D., Ph.D., xvii plus 1106 pages, 
7 x 10", more than 1,000 illustrations on 748 figures, 
published March, 1972, LC #75-102709, $58.00, Lea 
& Febiger, Publishers. 


Tuis is the first edition of an operative text designed 
to present the viewpoint of distinguished surgeons on 
the management of surgical disease. In the preface, Dr. 
Nora states that the book attempts to provide the mod- 
em surgeon with a practical operative guide. The book 
is therefore not recommended for medical students. 
While the text presents disease processes from the 
viewpoint of physiology and pathology, thesé discussions 
are aimed predominantly at those points which directly 
bear on peri-operative and intra-operative management. 

The keynote of a practical operative guide is that 
space be allotted to those problems in proportion to 
their importance in a surgical practice. Problems which 
are encountered frequently are given priority in prefer- 
ence to the unusual or the spectacular. Consequently, 
the section of thoracic surgery covers open-heart sur- 
gery, but the bulk of the section relates to pulmonary 
and mediastinal operations, Smaller sections are devoted 
to urologic, gynecologic and pediatric surgery, covering 
the most common conditions that might be encountered 
and not attempting to completely canvass these fields. 
A welcome portion is the deserving emphasis given to 
vascular surgery and extremity surgery, including modern 
concepts of amputation and rehabilitation. 

Being a practical guide, each section presents the 
authors personal viewpoint on. operative management 


without including endless minor variations on technique. 
Where truly different procedures are available, the com- 
monly accepted variants are described. Typical examples 
of this are the various types of mastectomy (simple, 
radical, modified radical and extended radical mastec- 
tomy), the different types of portal decompression pro- 
cedures, inguinal hernia repairs and esophageal hiatal 
hernia repairs. 

The book is written by a distinguished panel of sur- 
gical contributors. The chapters are very even in their 
quality of style and content. Each author has stressed 
the operative approach to disease, with a text that pro- 
vides endless hints on technique designed for rapid, 
gentle dissection and reconstruction. The illustrations 
are excellent and easy to interpret and follow. The 
authors succeed in acquainting the practicing surgeon 
with the most recent innovations in surgery, such as 
no-touch colon resection, operations designed to restore 
the competence of the esophageal sphincter and portal 
decompression by the mesocaval shunt. 

Does this book fulfill its stated goal to provide the 
modern surgeon with a practical operative guide, both 
for his formative years and for his years in active prac- 
tice? The answer is an emphatic "yes". This is a valuable 
addition to:the surgeon's library, which he can fre- 
quently consult for the latest developments in surgical 
theory and technique. 


Ernest F. Rosato, M.D. 
Department of Surgery 
University of Pennsylvania 
School of Medicine 


Gallstone Characteristics in the Diagnosis of 


INDING MULTIPLE SMALL GALLSTONES during cho- 
Pun has been generally regarded as an in- 
dication to explore the common bile duct. This classicly 
accepted indication was probably derived by noting the 
high incidence of multiple small gallstones in patients 
with choledocholithiasis. 

Several authors, however, have pointed out the small 
yield of common duct stones when this indicator is 
used as the major reason for common duct explora- 
tion.^? Using as a data base a series of 416 patients 
previously described* who had intraoperative cholangi- 
ography or common duct exploration or both, we have 
analyzed the number and size of gallbladder stones 
to determine the value of these factors in predicting the 
occurrence of common duct stones. 


Clinical Material 


We studied 416 consecutive cases of cholecystectomy 
in which choledochostomy and/or operative cholangi- 
ography was performed between 1963 and 1967 at the 
Hospital of the University of Pennsylvania. From opera- 
tive and pathologie reports gallstones were classified 
as to size (small, < 0.5 cm. diameter; medium, 0.5 to 
2.0 cm.; large > 2 cm.) and number (solitary; few, 2 
to 5; many, > 5.). 

The occurrence of common duct stones was deter- 
mined by cholangiography and/or choledochostomy 
which was done in all patients, and by follow-up 
evaluation of 1 to 4 years, which was accomplished in 
90% of patients. 


Results 


Table 1 shows the frequency distribution of the dif- 
ferent types of cholelithiasis in all 416 patients. Thirty- 
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one of these patients undergoing cholecystectomy (7.5%) 
had no stones in the gallbladder. Small stones pre- 
dominated (67%) and, regardless of the size, there 
were more than five stones present 75% of the time. Of 
the various combinations of these two parameters mul- 
tiple small gallstones predominate (63%). l 

Table 2 illustrates the frequency of choledocholi- 
thiasis in relation to the size-number pattern-of chole- 
lithiasis. To facilitate statisical analysis the 27 patients 
having many large and small gallstones were included 
in the group having many small gallstones. `. 

There is a statistically significant increasing linear risk 
of common duct stones with increasing numbers of 
gallbladder stones and with decreasing size of gall- 
bladder stones. (chi squared test; p « 0.05) 

To mathematicall define this risk, we used an 
equation of the general form: 


H 





Ini E p^ bo + bi: (S) + b, (N) where: 


b, = constant base risk. 


b, = constant expressing the increased risk due to 


decreasing size of gallbladder stones. > 


due to 


a 
| 


constant expressing the increased risk 
increasing numbers of gallbladder stones. 


p = probability of common duct stones 


In = the natural logarithm 


zi 
| 


number = 0 if solitary stone 
1 if 2-5 stones 
2if >5 stones 
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TABLE 1. Frequency of Different Types of Cholelithiasis TABLE 3. Odds of Patient Having C. mon Duct Stones with Various 
(416 Patients )* Ty pes of Gallstones 
Type i Many Few Solitary Totals Many Few Solitary Totals 
Small 63%t 3% 1% 67% Small 4:1 6:1 10:1 4:1 
(263) (11) (5) (279) Medium 6:1 10:1 16:1 Tal 
Medium 4% 2% 1% 6% Large 10:1 16:1 26:1 14:1 
(17) (8) (2) (27) Totals 4:1 10:1 2121 = 
Large 8% 5% 6% 19% ` = — 
(33) (19) (27) (79) 
Totals 75% 9 8 92 ee 
Vi (3 13) an ae a Table 5 shows the results when other classical in- 





* 31 patients had no gallbladder stones. 
t Includes 27 patients who had many large and small gallbladder 
stones. 


= 0 if >2 em. diameter 
1 if 0.5-2 em. diameter 
2 if <0.5 em. diameter 


By computer analysis, our available data was used to 

construct the following specific equation: 
p 
In i=» = 

From this equation the predicted probabilities and 
odds were calculated and recorded in Tables 3 and 4. 
A patient with multiple small gallbladder stones has 
odds of 4:1 of having a common duct stone whereas 
the patient with a solitary large gallbladder stone has 
odds of 26:1 of having a common duct stone. The 
various intermediate combinations demonstrate the linear 
realationships of the size and number of gallstones with 
the presence of common duct stones. Similarly, there 
is a probability of 0.241 (i.e. 24.1 predicted per cent 
occurrence ) of having common duct stones when there 
are multiple small gallbladder stones. 

From the predicted probabilities, the expected 
number of cases of choledocholithiasis were computed 
by multiplying the probability with the observed number 
of cases with a particular type of cholelithiasis. For 
example, “many small has a probability of 0.241 and 
there were 263 observed cases with 62 having common 
duct stones. (0.241 x 263 — 63.4) There was a highly 
satisfactory “fit” where the observed and predicted oc- 
currences were tested with the chi-squared "goodness 
of fit” test. (x? = 2.685 with 6 degrees of freedom) 


—3,223 + 0.503- (S) + 0.540-(N). 








TABLE 2. Frequency of Choledocholithiasis! with Various Forms of 
Cholelithiasts 
Many Few Solitary Totals 
Small .236(62/263) | .273(3/11) | .000(0/5) .233(65/279) 
Medium .235(4/17) .125(1/8) .000(0/2) .185(5/27) 
Large .091(3/33) .052(1/19) — .037(1/27) — .063(5/79) 
Totals .220(69/313) — .132(5/38) .029(1/34) .195(75/385) 





1385 patients with cholelithiasis of which 75 had choledocho- 
lithiasis (19.5%) 


dications (such as a dilated common duct, dilated 
cystic duct, jaundice, elevated serum bilirubin and 
alkaline phosphatase, pancreatitis and a positive history ) 
are also considered. When no other classical indication 
was present, multiple small gallstones was the only 
situation in which choledocholithiasis occurred, and then 
in only 4% of such patients. The addition of other 








TABLE 4. Probability! of Choledocholithiasis with Various Types of 
Gallstones 
Many Few Solitary Totals 
Small 241 156 .097 .235 
Medium . 161 . 101 .061 .136 
Large .104 .063 .038 .072 
Totals 222 .098 .048 = 





TABLE 5. 


! Probability X 100 = predicted per cent occurrence 


indicators, in the face of multiple small stones in the 
gallbladder, increases the chances of common duct 
calculi tenfold. 


Discussion 


The frequency of multiple small gallstones in all 416 
patients was 63%; therefore, it is not surprising that a 


Frequency of Choledocholithiasis with Different Types of 
Cholelithiasis and other Indicators 





- — — 
Frequency of Common Duct 
Stones 





Other 
Indicators 


40.195(57/142) 
36.4% (4/11) 


Type 


Cholelithiasis No Indicators 


4.1% (5/212) 
0%(0/6) 





Many small 
Many medium 


Many large 0%(0/17) 18.8%(3/16) 
Few small 0%(0/5) 50%(3/6) 
Few medium 0%(0/4) 25%(1/4) 
Few large 0%(0/15) 25%(1/4) 
Solitary small 0%(0/2) 0%(0/3) 
Solitary medium 0%(0/2) 0%(0/0) 


Solitary large 0%(0/17) 10%(1/10) 


Small 3.9%(5/128) 39.1% (60/151) 
Medium 0%(0/12) 33, 3%(5/15) 
Large 0%(0/49) 16.7%(5/30) 
Many 3.5%(5/144) 37.9% (64/169) 
Few 0%(0/24) 35.7%(5/14) 
Solitary 0%(0/21) 7.9%(1/13) 
None 0%(0/6) 16%(4/25) 
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large percentage of patients with common duct stones 
had associated mulitple small gallbladder stones. To 
conclude, however, that multiple small gallbladder 
stones are a valid predictor of choledocholithiasis is an 
unwarranted and indeed unproven assumption. The 
acceptance of multiple small stones as a classical in- 
dication for choledochostomy is open to question. 
Analvsis of our data suggests that there is a linear in- 
crease in the frequency of common duct stones with 
increasing numbers and decreasing size of gallstones. 

All types of gallstones have some pr obability of being 
associated with common duct stones ranging from 0.038 
(“solitary large”) to .241 (“many small). We cannot 
designate any arbitrary group in this linear spectrum 
of probabilitv as an indicator of common duct stones. 
In varying degrees, all types of gallbladder stones in- 
dicate the possibility of common duct stones and even 
multiple small stones, with the highest probability (.241), 
does not approach the probabilities of other classical 
indicators such as dilated common duct (.59) or 
jaundice (.62).* 

In suspecting stones in the common duct the pre- 
dictive value of gallstone size and number seems weak 
and therefore other indications for choledochostomy are 
of prime importance. When none of these other in- 
dications are present, onlv multiple small gallstones 
showed any association with choledocholithiasis, and 
that in only 4% of cases. This frequency is much lower 
than reported in the literature (Smith? 407, Bartlett? 
16%). 

With such a low yield of common duct stones and 
the increased mortality and morbidity of choledochos- 
tomy, it is difficult to advocate common duct explora- 
tion when multiple small gallstones occur without other 
indications. We would probably advocate operative cho- 
langiography to assess the common duct. If a normal 
cholangiogram was obtained, exploration should be 
withheld. Ninety-three of our patients were treated in 
this fashion with no choledocholithiasis encountered on 
follow-up examination. Two of 21 patients with multiple 
small stones without other indications but abnormal 
cholangiograms were found to have common duct stones 
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on exploration. Thus, we regard multiple small gall- 
stones, to be an indication for cholangiography but not 
for immediate common duct exploration. We would 
withhold exploration if a normal film is obtained. 

That 7% of diseased gallbladders contained no cal- 
culi and that four of these 31 patients actually did have 
common duct stones is of interest, Colcock? reported 
18 patients with acalculous gallbladder disease with 
27% (five patients) incidence of common duct stones. 
The absence of gallbladder stones does not guarantee 
against the presence of choledocholithiasis. 


Summary 


Controversy surrounds the use of multiple small gall- 
bladder stones as an indication to explore the common 
bile duct. There is an increasing linear risk of common 
duct stones with increasing numbers of gallbladder 
stones and with decreasing size of gallbladder stones. 
In suspecting common duct stones, the predictive value 
of gallstone size and number seems weak and other 
classical indications for choledochostomv are of prime 
importance. Although 24% of patients with multiple 
small gallstones have common duct stones, only 4% 
have common duct stones in the absence of the other 
indications for choledochotomy. The use of operative 
pre-choledochostomy cholangicgraphy i is advocated when 
multiple small gallbladder stones occur without other 
classical indications. 
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Gastric Cytology: 


A Study of Clinico-Pathologic Interrelations 


URING THE PAST DECADE gastric cytology has become 
D widely accepted as a diagnostic procedure for pa- 
tients with suspected carcinoma of the stomach +55:59 
with varying degrees of success in the diagnosis of early 
malignancy. The present study was designed to determine 
interrelationships between gastric cvtology and various 
clinical and pathologic features in patients with adeno- 
carcinoma of the stomach proven by tissue examination 
and diagnosed at the Yale-New Haven Medical Center 
between the years 1957 and 1966 and followed through 
July 1, 1970. A comparison was also made between 
gastric cytology and other diagnostic procedures such as 
roentgenographic examination and gastroscopy as well 
as gastric acidity all of which are in common use in this 
institution. 


Materials and Methods 


Gastric cytologic examinations were performed 1,134 
times in the period under study and a total of 337 
patients with stomach cancer were diagnosed. In some 
of these patients the diagnosis was based on clinical 
history, physical findings and/or upper gastrointestinal 
roentgenograms and gastroscopy without a tissue diag- 
nosis. Since some doubt, therefore, exists as to whether 
these tumors were actually of gastric origin, such 
patients were eliminated from consideration in the pre- 
sent study. In 64 patients the diagnosis was confirmed 
by tissue examination of the gastrie tumor itself; liver, 
omental or lymph node metastases; or peritoneal im- 
plants of tumor. 

Clinical information was obtained by review of patient 
charts, including history and initial physical examination, 
roentgenographic reports, gastroscopic examinations 
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and laboratory studies, with particular attention to the 
operative note. If doubt existed as to the primary source 
of the cancer at operation (ie. the possibility of 
pancreas, colon or biliary tract primary tumor with 
extensive local spread in the upper abdomen making 
the site of origin unclear), the patient was excluded 
from the shady. In a few instances only supraclavicular 
lvmph node biopsy was performed and inclusion of 
such patients was based on reasonable certainty from 
available data that the patient truly had a primary 
gastric cancer. 

One of the authors (R.A.V.) reviewed all of the 
anatomic materials including cvtology and tissue section 
to verify cytologic reports as well as the nature of the 
tumors. In all but one instance there was agreement 
with previous interpretations of the slides so that only 
one patient was rejected from the studv due to this 
difference of opinion. Details regarding gross and 
microscopic characteristics of tumors are based on the 
surgeon's operative report and the pathology report, as 
well as review of the tissue sections. If the patient died 
after diagnosis, available autopsy material was reviewed 
for details of tumor growth and extent. 

Gastric cytology specimens were obtained by a stand- 
ard technic used in the Gastrointestinal Section, De- 
partment of Internal Medicine, Yale University School 
of Medicine (See page 722). 


Results ( Table 1) 


Gastric cytology was positive for cancer in 46 patients 
(72%) of the 64 patients included here. Upper gastro- 
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Technic for Gastric Cytologic Examination 


Preparation of Patient 


l. Nothing by mouth after midnight. 

2. Atropine 1.0 mg. intramuscularly 45 minutes prior to study. 

3. If obstruction present or suspected, clear liquids only by 
mouth for 24-36 hours prior to study. Stomach should be 
washed with normal saline solution at 10 p.m. on the night 
prior to study via tube and irrigations continued until return 
is clear. 

4. If pernicious anemia is suspected, do not administer vitamin 
B-12 or perform a Schilling test prior to study. 

. Cytologic study cannot be done the day after administration 
of histamine since acid produced may cause cytolysis. 

6. Avoid use of lubricating materials when passing tube for 
study. 


ot 


Technic 


l. The entire procedure including centrifugation of material 
should be completed at patient's bedside. 

2. Collection of specimen: 
Patient in sitting position. Using iced #18 Fr. rubber Levin 
tube, intubate patient via mouth. Empty stomach of residual 
contents. Discard. 
Using a 100 ml. syringe, instill 300 ml. normal saline solu- 
tion into stomach. Fluid is then barbotaged back and forth 
vigorously eight or nine times. 
Aspirate saline solution and place in 50 ml. plastic centri- 
fuge tubes which have been immersed in an ice water bath. 
Usual return should be 200-300 ml. saline. Spin tubes in 
portable, medium angle Sorvall centrifuge at 3700-4000 
r.p.m. for 3 minutes. The supernate is poured off, sediment 
scraped with a micro spatula, placed on frosted slide and 
smeared. Slides immediately placed in 95% alcohol. 
The stomach is then washed a second time with 300 ml. 
normal saline solution with the patient placed as follows: 


Patient in semi-reclining position—barbotage 3-4 times 
Right lateral position—barbotage 3-4 times 

Left lateral position—barbotage 3-4 times 

Massage stomach, aspirate saline and complete as above. 








Four pairs of slides should be prepared per wash, 


intestinal roentgenograms were completed in all patients 
in the study and were interpreted as positive for cancer 
in 52 patients (81%) of the total group. Approximately 
the same portion of patients with positive or negative 
cytology had films reported as demonstrating malig- 
nancy: 38 of 46 patients with positive cytology (837) 
and 14 of 18 patients with negative cytology (78%). 
Radiographically benign conditions or status indeter- 
minate for pathology were reported in 12 patients 
(19%). Eight patients or 13% with negative or in- 
determinate roentgenographic studies did have positive 
cytologic examinations. Sixty patients had either a posi- 
tive cytology and/or a radiographic diagnosis of cancer 
for a combined yield by these two diagnostic methods of 
91% accurate cancer diagnosis (Table 2). This is 
similar to the combined diagnostic vield reported by 
Dor? of 94%. Cancer in four patients was missed by 
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TABLE 1* 








Positive Negative 
Cytology** Cytology*** 
Size of Lesion (impression of surgeon 
at operation or from pathology report) 
Range 2-9+ cm. 2-9+ cm. 
Median 7.6 cm. 5.5 cm. 
Surface Involved 
Anterior 11 11 
Posterior 8 3 
Both 22 4 
Penetration Through Stomach Wall 
All layers 35 15 
"Through muscularis mucosa only 6 3 
Tumor Ulceration i 
Present 15 8 
Absent 24 8 
Polypoid Tumor 9 5 
Location at Operation 
Diffuse 18 7 
Upper half, greater curvature 5 5 
Upper half, lesser curvature 9 0 
Lower half, greater curvature 3 0 
Lower half, lesser curvature 4 2 
Pre-pyloric, lesser curvature 2 1 
Pre-pyloric, greater curvature 0 1 
Pre-pyloric, circumferential 0 1 
Metastases (intraperitoneal nodes, 
liver, distant metastases) 
Present 33 9 
Absent 13 9 
Duration Symptoms 
Range 1-60 mos. 1-24 mos. 
Median 10 mos. 8 mos. 
Survival 
Alive without evidence cancer 2 3 
Range 44, 78 mos. 90-147 mos. 
Mediaa 61 mos. 114 mos. 
Dead of cancer 39 15 
Range 1-64 mos. 1-122 mos. 
Median 11 mos. 20 mos. 
Dead other cause with cancer 4 0 
Range 1-46 mos. — 
Median 16 mos. — 
Dead other cause without cancer 1 0 
Range ] mo. — 





* Number of patients unless otherwise specified. 

** 46 patients had positive cytology of whom 41 had abdominal 
operative procedures. Data is not available for all patients in 
each category listed here. 

*** 18 patients had negative cytology of whom all had abdominal 
operative procedures. Data is not available for all patients in 
each category listed here. 


both cytology and radiography. The radiographic ex- 
amination was interpreted as benign ulcer in three 
patients and negative in one patient. 

Gastroscopy was performed in slightly more than 
one-half of the group (36 patients) and cancer was 
diagnosed in 21 patients (58%) of this group. All of 
the patients diagnosed as cancer by gastroscopy had 
either a positive cytology or a radiographic examination 
interpreted as cancer and 12 of 21 patients had both 
a positive cytology and a positive roentgenographic ex- 
amination. No patients, therefore, in this series had a 
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positive gastroscopic diagnosis of cancer without either 
a positive cytology or à positive roentgenogram. Of 
the four patients missed by both cytology and roentgen- 
ogram, gastroscopy in one patient was interpreted as 
a benign ulcer, two were interpreted as atrophic gastritis 
and gastroscopy was not performed in the final patie nt. 

Gastric acidity was determined in 23 patients. Twenty 
were noted to be achlorhydric of whom 13 had positive 
cytology and seven negative cytology. Of the four patients 
in the series who were missed by the diagnostic methods 
reviewed (i.e., negative cytologv, negative radiographic 
examination and negative gastroscopy or gastroscopy 
not done), one was achlorhydric, one had free acid and 
two did not have gastric acidity studies completed. 

The tumors in the patients studied here ranged i 
size from 1 to 9 or more centimeters in diameter. Those 
patients with positive cytology had a median tumor 
diameter of 7.6 cm. while those with a negative ex- 
amination had a median tumor diameter of 5.5 cm. 
Diffuse involvement of the stomach was the most com- 
mon finding at operation with 25 of 59 patients so 
classified by the surgeon. The same proportion of pa- 
tients with positive and negative cytology had diffuse 
malignancies, but there was no striking pattern of dis- 
tribution between the two groups with respect to tumor 
location. 

Both anterior and posterior surfaces of the stomach 
were involved with tumor in 53% of the patients with 
positive cytology, while this was true of only 23% of 
the negative cytology group. However, the proportion 
of positive and negative cytologies was similar (20 
and 16% respectively) when the posterior surface of 
the stomach alone was involved. All layers of the stomach 
wall were invaded in 80% of the patients in each 
cytology group and no differences were noted based 
on cytology findings in patients with invasion only to 
the depth of muscularis mucosa (16%). In 61% of 
patients with positive cytology there was no tumor 
ulceration, but such ulceration was present in 50% of 
the negative cytology group. Less than 20% of patients 
in this study had polypoid tumors and there appeared 
to be no relation to the cytology results. 

Of particular interest were four patients who had 
“curative resections” of the stomach as initial therapy 
and 5 to 36 months postoperatively were suspected of 
having recurrent malignancy. Positive cytologies were 
obtained in each of them and subsequent operation con- 
firmed recurrent cancer. One patient whose films were 
indeterminate was diagnosed as a neurotic, but had 
positive cytologic studies prior to his first operation. 
Exploratory laparotomy revealed a 3 cm. region of 
superficial spreading adenocarcinoma which was not 
recognized or suspected by the operating surgeon at the 
time of a more-or-less "blind" gastric resection (Fig. 1). 
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Comparison of Cytology Results with Roentgenographic 
Examinations and Gastroscopy Examinations 





Number of Patients 
- — Per Cent of Patients 
with Correct 
Diagnosis of Cancer* 





Negative 
Cytology 


Positive 
Cytology 





Cytology 46 18 72 
Roentgenographic Examination 
Cancer 38 14 81 
Benign: 8 4 
Ulcer 4 3 
Atrophic 
gastritis 1 0 
Indeterminate 3 1 
Gastroscopy 
Cancer 14** Le 58 
Benign: 12 3 
Ulcer 2 1 
Atrophic 
gastritis 3 2 
Negative f 0 





* 60 patients had either or yr both a positive cy tolog y or roentgeno- 
graphic diagnosis of cancer for a yield of correct diagnosis of 
9197. 

All of these patients had either a positive cytology or roentgeno- 
graphic diagnosis of cancer and 12 patients had both. 


* 


* 





Fic. 1A. 70-year-old male patient. Gastric cytologic material show- 
ing malignant cells with a “syncytium-like” arrangement. Varia- 
tion in nuclear size, hyperchromasia of nuclei, sharp nuclear 
borders and prominent nucleoli are seen. Vacuolation of the cyto- 
plasm is also present (high power). 





p. 









/ 


Negative 
biopsy 


Distal sites 


Proximal 






» 


Superficial Only area of 
spreading invasion (to 
carcinoma submucosa) 


Fic. 1B. Gross photograph and diagram of the resected stomach. 
Note the loss of normal rugal folds in most of the specimen and 
the gross appearance of atrophic gastritis. The region of the 
carcinoma is somewhat more irregular than the surrounding 
mucosa. | 


Only one patient in the present group was known to 
have pernicious anemia and a positive cytology was 
obtained. 

Five patients remained alive without evidence of 
cancer at the*closing date of the study. Three of them 
had negative cytology and lived a median time of 114 
months (range: 90 to 147 months) and two had positive 
cytology with a median survival of 61 months (range: 
44 to 78 months ). 


Comment 

The fact that a skilled cytologist can recognize tumor 
cells in well-prepared specimens from the stomach is 
an established fact. However, despite encouraging re- 
ports *"*" the hope that cytologic examination would 
detect the "early" and hence curable gastric cancers, the 
actual results have not been very rewarding. t+" 

Evaluation of gastric cytology as a diagnostic tool 
obviously involves the analysis of factors relating to 
patients in whom cytology was positive, but perhaps 
of even greater significance is the evaluation of tissue- 
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proven malignancies in which cytological examinations 
were negative. A disquicting feature of gastric cytologic 
studies is the failure to obtain malignant cells from 
some patients with large, fungating gastric carcinomas 
or large, ulcerating gastric cancers as has been pointed 
out by Spiro.'° These are not of great concern, how- 
ever, since in the majority of such patients roentgeno- 
graphic examination almost invariably will yield the 
diagnosis. Cytology has proven itself in that group of 
patients with negative roentgenograms and negative 
gastroscopy where the positive cytology would dictate 
the need for surgical intervention. Eight patients (137) 
fell into this group in the present study. Patients such 
as these emphasize the fact that gastric ‘cytology should 
be complementary to radiographic and gastroscopic 
methods rather than competitive. 

The greatest problem, however, is in those patients 
in whom false negative cytologic examinations are com- 
bined with a benign roentgenogram and perhaps neg- 
ative gastroscopy such as occurred with four patients in 
the present study. It is not hard to see that this com- 
bination of factors can lead to decisions favoring non- 
surgical therapy and possibly associated delay in diag- 
nosis. 

If the salvage rate for patients with gastric cancer 
is to be improved, it is imperative that these tumors 
be detected early in the course of the disease. In 
spite of the results in the present study, cytologic ex- 
amination still appears to hold the greatest hope for the 
early detection of cancer, inasmuch as the early lesions 
would probably not readily be detectable roentgeno- 
graphically. 

Why then do patients with gastric cancer have neg- 
ative cytologic examinations? One-quarter of the pa- 
tients studied in the present series were so categorized 
and a possible explanation for this finding was the 
location and extent of the tumors. More than half of 
the positive cytology group had both anterior and post- 
erior surfaces of the stomach involved with cancer while 
less than a quarter of the negative cytology group had 
such extensive mucosal involvement. By the same 
token, cancers involving only the anterior surface of the 
stomach numbered 61% of the ne gative cytology group 
and only 27% of the positive cytology patients. It is 
sometimes difficult to assure good contact of the saline 
lavage solution with all parts of the stomach and the 
lack of rotation of the patient during the procedure may 
preclude this area being adequately washed by the 
solution. 

It should be pointed out that the great majority of 
patients in the present study (83%) had only one 
cytologic examination. The proportion was relatively 
the same in both the negative and positive cytology 
groups. It is possible, and indeed probable, that ad- 
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Fic. 1C. Low power view 
of section of stomach 
from the region of the 
carcinoma. The superfi- 
cial carcinoma is seen on 
the mucosal surface at 
the right. Invasion of the 
tumor below the muscu- 
laris mucosa can be seen. 
This region represents 
the deepest penetration 
of tumor. The remainder 
of the stomach revealed 
chronic atrophic gastritis 
with focal intestinaliza- 
tion. 


ditional cytologic examinations would have improved 
the detection rate in this group. 

The mucosal surface of the gastric tumor would be 
expected to have some relationship to the number of 
exfoliated cells demonstrable and such was noted in 
the present study where a median diameter of tumors 
with positive cytology was approximately 30% greater 
than the negative cytology group. Even the smallest 
tumors with negative cytology were of significant size 
(median diameter 5.5 cm.) and could not as a general 
rule be considered “early” and possibly curable lesions. 
Only two truly early cancers were found in the positive 
cytology group. One was a small carcinoma located in 
an otherwise benign polyp and the other was the pre- 
viously mentioned 3 cm. region of superficial spreading 
carcinoma with one small region of submucosal invasion. 

It must be remembered that the basic concept of 
gastric cytology was an easy method for the early diag- 
nosis of the small (? "early") cancer. Obtaining wash- 
ings for cytological examination, however, is a procedure 
which requires time and some discomfort for the pa- 
tient. Stomach cancer is an insidious malignancy as 
demonstrated in the present series by the long duration 
of symptoms (median 9 months for the entire group of 
patients) and the tumor was usually large and relatively 
far advanced by the time positive cytology smears 
were obtained. The very fact that the duration of 
symptoms was so long may be cause for some optimism 
regarding the role of cytology in diagnosis of this disease. 
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The role of the primary physician cannot be over- 
emphasized since he is the one who should have a high 
index of suspicion for gastric carcinoma and who will 
hopefully order gastric cytology examination early in 
the course of the disease. 

It should also be pointed out that the test cannot 
be done haphazardly. The care given to the preparation 
of the patient and preparation and preserving the slides 
is extremely important. The greatest number of false 
negatives obtained in institutions where gastric cy- 
tology is done infrequently appears to be the result 
of poor preparation of slides rather than any lack of 
ability on the part of the cytotechnologist and the 
pathologist. 

Gastric cytology appears to have great merit in diag- 
nosing recurrent malignancy following a previous partial 
gastrectomy for cancer. Since roentgenograms may be 
of limited value in these patients because of distortion 
based on the previous operation, cytology may be the 
only clue that recurrent disease is present. 


Conclusions 


Positive gastric cytology was obtained in 72% of a 
group of 64 patients with tissue-proven adenocarcinoma 
of the stomach. Cytology, which was frequently done 
late in the course of the disease as were most of the 
diagnostic studies, was positive more often in large, 
diffuse tumors than in small lesions and was not as- 
sociated with “carly” cancers. Gastric cytology is prob- 
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ably not realistic as a routine Screening procedure in 
the asymptomatic patient, but perhaps has its greatest 
merit to screen the high risk group of pernicious anemia 
or achlorhydric patients with gastric atrophy as well as 
patients treated previously for gastric cancer who are 
suspected of having recurrence. Primary physicians 
should have a high index of suspicion and use all 
available diagnostic methods including cytology when 
gastric malignancy is a possibility. The diagnostic yield 
here was 91% accuracy when roentgenography was 
combined with cytology. 
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t. 


Correlation of the Surface pH, Histology, and Gastrin 
Concentration of Gastric Mucosa 


ASTRIN is assumed to come from the mucosa of the 
gastric antrum,” but gastrin-l -like activity has been 
reported from extra-antral sites.? 17,16,21,24 There have 
been occasional reports of isolation of gastrin-like activity 
from extracts of fundic mucosa, especially mucosa taken 
from the area of the gastric cardia,9112:5 Although 
gastrin has been assumed to arise in the stomach nearly 
exclusively from antral mucosa, no studies have been 
made to correlate the gastrin content of mucosa with the 
histologic architecture at the line of transition between 
antrum and fundus.’* Capper and colleagues 5 carefully 
mapped the surface of the human gastric mucosa with a 
pH probe at operation and attempted ` to correlate the 
alkaline pH of the antral mucosa with the concentrations 
of gastrin that were determined by bioassay of sections 
of mucosa on either side of the antral-fundic junction. 
The gastrin content was significantly less on the acid 
side of the pH demarcation line in 10 of 18 specimens, 
but in eight of these only a slight difference could be 


demonstrated. They suggested that the antral-fundic 


junction, as determined by gastrin content, may be a 
wide border zone containing both antral and fundic 
mucosa. 

In an attempt to define better the. extra-antral areas 
of gastrin synthesis or storage and to relate histologic 
structure to gastrin content, we have measured by 
radioimmunoassay the gastrin concentration in adjacent 
sites over the entire gastric mucosa of the dog, and 
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we have correlated these measurements with mucosal 
histology and surface pH. 


Materials and Methods 


Acute studies were performed in five healthy adult 
mongrel dogs weighing from 20-25 Kg. Each dog was 
anesthetized with intravenous pentobarbital sodium 
(15 Mg./Kg.), and 100 mg. betazole hydrochloride 
(Histalog,—Lilly) was administered intramuscularly to 
stimulate gastric secretion. The abdomen was opened 
through a midline incision and the duodenum was 
divided 1 cm. distal to the pylorus. The stomach was 
then opened widely through a longitudinal incision into 
the anterior walls 2 cm. from the greater curvature which 
extended through the junction with both esophagus 
and pylorus. Hemostasis was meticulous, and the cut 
edges of the stomach were sutured tautly to the ad- 
dominal wall so that the entire mucosa of the stomach 
presented as a flat surface. 

One hour after the administration of Histalog, the 
gastric mucosa was carefully sponged dry, at which 
time the mucosa was observed to be actively secreting. 
With the esophagus, pylorus, and lesser curvature of 
the stomach as reference points, the pH of the fluid 
emerging from the mucosa was determined at 2-cm. 
intervals over the surface of the gastric mucosa with 
a pH meter (Radiometer—Copenhagen) and combina- 
tion glass-reference electrode (Beckman model 39030). 
Care was taken to avoid pressure on the gastric mucosa 
except for the weight of the electrode. The points at 
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PYLORUS 


Fic. l. Diagram of the mucosal surface of the canine stomach 
Showing average mucosal gastrin concentration, pH levels and 
histologic demarcátion between antrum and fundus in five dogs. 
E denotes esophagus. The dotted line between the esophagus 
and the pylorus represents the lesser curvature of the stomach. 
The mean gastrin concentration (and the range of gastrin content) 
is given beneath each square as nanograms of gastrin per gram 
of mucosa (ng/g). Individual pH determinations for all five dogs 
are given within the squares. The shading represents the area 
that was histologically typical antrum. 


which pH determinations were made (Fig. 1) were 
marked with a minute droplet of toluidin blue. Full 
thickness biopsy specimens of the gastric wall, 1 cm. 
in diameter and centered on the dye mark, were taken 
with a sharp punch and were placed in a fixing solution 
(10% formalin-pH 7.6) for later histologic evaluation. 
For later measurement of gastrin content, sections of 
gastric mucosa (2 cm. x 2 cm.) were dissected from 
the area surrounding each biopsy site. These mucosal 
specimens were gently sponged free of blood, placed 
in previously weighed containers, and thoroughly 
minced. The specimens were then diluted 1:10 in distilled 
water and immediately placed in a boiling water bath 


for 30 minutes. After centrifugation at 20,000 rpm for » 


20 minutes, the supernatant solution was removed and 
frozen for later measurement of gastrin concentration 
by radioimmunoassay. In early studies gastrin was mea- 
sured in paired tissue specimens that were treated either 
by initial boiling and later freezing or by freezing 
alone. 

The radioimmunoassay utilizes antigastrin serum pro- 
duced in rabbits immunized with the 2-17 residues of 
synthetic human gastrin I conjugated to bovine serum 
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albumin. Cur current assay technique is a modifi- 
cation of our initial method.* All samples, after appro- 
priate dilution, were assayed twice. 

The determinations of the pH of the mucosal surface, 
interpretations of histology, and the measurements of 
gastrin concentrations were each performed by different 
investigators working separately and (in the case of the 
latter two studies) without knowledge of the origin 
of the tissue in order to prevent prejudicial interpre- 
tation of the data. 


Results 


The measurements of surface pH showed good re- 
producibility, but to minimize error the first reading at 
each site was taken for record. The results of the radio- 
immunoassay of unboiled specimens were found to be 
erratic, with gastrin concentrations about 1/1000 that 
of boiled specimens. All results in this study aré from 
mucosal specimens that were boiled immediately on 
removal ` 

Figure A îs a schematic drawing of the mucosal sur- 
face of the stomach opened longitudinally through the 
anterior wall near the greater curvature. E denotes 
the estiphagus, and a dotted line is drawn along the 
lesser cive. The squares represent the sites where 
mucosal pH, histology and gastrin content were de- 
termined in the five dogs. The pH determinations for 
all five dogs are given within the squares, and the 
average gastrin content (and range of gastrin content) 
in nanograms of gastrin per gram of mucosa is given 
beneath the squares. The average proportion of each 
mucosal sample that was identified histologically as 
antrum (determined by multiple sections at each site) 
is depicted hy the proportionate shading of each square. 
Those mucosal sites that were on histologic evaluation 
entirely fundus in all dogs, contained (with one exception 
at the antral-fundic junction) concentrations of gastrin 
from 2-72 nanograms per gram. In sharp contrast, the 
mucosa which was histologically antrum contained be- 
tween 10,100 and 42,500 ng/gm. (10.1-42.5 ug/Gm.) of 
gastrin. 

There was good correlation between higher pH values 
and the higher concentrations of mucosal gastrin at the 
histologic antral-fundic junction. Several paraesophageal 
or high cardiac biopsy sites were found to contain con- 
centrations of gastrin that were 2 to 3 times higher than 
the average concentration in fundic mucosa. There 
were also scattered sites that gave high pH readings, 
but there was poor correlation in the paraesophageal 
region between pH and gastrin content. In each case 
at histolgic examination all mucosal biopsies from this 
area (cardia) were identified as fundus, although the 
mucosa was thin and the concentration of parietal 
cells was low. 
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GASTRIC CONCENTRATION OF GASTRIC MUCOSA 





Fic. 2a. Photomicrograph of typical canine antrum. (220 x ) 


Histologic examination of the pyloric region shows 
pyloric glands occupying the deeper one-half of the 
thickness of the mucous membrane (Fig. 2a). The 
pyloric gland cells are identified by the presence of 
basilar compressed quarter-moon-shaped nuclei. Pits 
lined by surface mucous cells constitute the superficial 
half of the pyloric mucous membrane. F igure 2b is a 
photomicrograph of typical fundic mucosa. The light 
basophilic chief cells with centrally-placed round nuclei 
and the eosinophilic granular parietal cells are prominent; 
basal glands are absent. In Figure 2c, the histologic 
transition zone between the pylorus and fundus is shown 
to be well demarcated and is characterized by the pre- 
sence of glands containing a mixture of pyloric gland 
cells and parietal cells with a few scattered chief cells. 
In the narrow line at the antral-fundic junction, elements 
of both fundus and antrum were present in sections 
that were only 1 cm. in diameter, whereas biopsy 
specimens on either side of the line yielded either 
typical fundus or antrum. 


Fic. 2b. Photomicrograph of typical canine fundus. (220 x) 


Discussion 

These studies demonstrate the necessity for im- 
mediate inactivation of tissue autolysis in order to halt 
the rapid loss of gastrin after excision of thestissue. There 
was a thousand-fold loss of gastrin in those tissues not 
subjected to boiling immediately on removal. This ob- 
servation is consistent with the studies of Berson and 
Yalow? who found that quick-freezing of mucosal 
specimens with dry ice, followed by boiling at a later 
time, gave much higher gastrin values than did simple 
initial freezing. It seems imperative to inactivate tissue 
autolysis quickly, either by immediate boiling or by 
quick freezing. If tissues are allowed to stand at room 
temperature or even in the refrigerator, gastrin values 
will fall. 

The importance of the gastric antrum as the primary 
source of gastrin is well established. Although the his- 
tologically defined antrum has been found to correlate 
with the-area of gastric mucosa that has a high surface 
pH eet 20,22 Capper and co-workers ? were the first to 





Fic. 2c. Photomicrograph of a section at the antral-fundic junction, 
showing histologic elements of both antrum and fundus. Parietal 
cells are found on the right and pyloric glands are prominent on 
the left of the section (220 x ). 


attempt to correlate mucosal pH with gastrin concentra- 
tion. They feund a wide antral-fundic transition zone in 
peptic ulcer patients. In our study we measured im- 
munochemically recognizable gastrin in normal dog 
stomachs and found a high degree of correlation between 
nonacid-secreting gastric mucosa and the area of mucosa 
containing high concentrations of gastrin, The transition 
zone at the antral-fundic junction as determined by 
histologic observation and as determined by measure- 
ment of surface pH and mucosal gastrin content, seems 
to be narrow. There were several areas of high pH and 
of relatively high gastrin content adjacent to the cardia, 
but there was not good correlation between the two in 
this area. 

Gastrin-like activity has been reported in mucosa from 
the gastric cardia,8!!1215 and Elwin and Uvnáüs? have 
emphasized the similarity between the mucosa of the 
cardia and antrum, but no gastrin has been found previ- 
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ously in the central gastric fundus.'* The concentrations 
of gastrin in the antral mucosa as measured by radioim- 
munoassay in our study are in the order of magnitude of 
several micrograms per gram of mucosa which is in 
agreement with previous studies.?.!?! Fundus gastrin 
levels are approximately 1/1000 the levels noted in antral 
mucosa, i.e. nanograms/gram. This relationship between 
antral and fundic gastrin concentration is consistent with 
the observations of McGuigan who reported 500 times 
more gastrin-containing cells in the antrum than in the 
fundus of pigs, as shown by immunofluorescent studies.!* 

More important extra-antral sources of gastrin are 
probably the duodenum and jejunum.®?? Significant 
amounts of gastrin may be produced by the duodenum 
in man ?? and it is apparent that standard resection proce- 
dures for peptic ulcer do not excise all gastrin-bearing 
tissue. We have found diminished but still detectable 
levels of serum gastrin in dogs after total gastrectomy." 


Summary 


In this study we measured the gastrin concentration 
and surface pH at intervals over the entire gastric 
mucosa of five dogs and correlated these levels with 
the histologic anatomy of gastric mucosa. Maximum ex- 
traction of gastrin from mucosa was affected by boiling 
the tissues immediately after procurement. An increas- 
ing pH and a high gastrin concentration characterized 
the mucosal area designated histologically as antrum. 
There was a sharp demarcation of gastrin content 
and histology at the antral-fundic junction. Although 
antral gastrin concentrations. were about 1000 times 
higher than fundic concentrations, significant amounts 
of gastrin were consistently measured in fundic mucosa; 
this study provides additional evidence for the existence 
of extra-antral sites for gastrin production. 
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Auxiliary Liver Transplantation in the Dog as Temporary 
Support in Acute Fulminating Hepatic Necrosis 


ATISFACTORY TREATMENT for hepatic failure, chronic 
S or acute, has not yet been achieved. Among 100 re- 
cipients of orthotopic liver transplants, 12 are current 
survivors and only three have lived for more than 1 year 
after transplant) Fewer heterotopic transplants have 
been performed, but of the 34 performed, there are no 
current survivors; one of the 34 patients survived as long 
as 8 months.* Other forms of therapy for short-term sup- 
port in acute fulminating hepatic failure such as ex- 
change transfusions,!' extracorporeal perfusion with 
animal livers,*!* cross-circulation experiments with pri- 
mates,!* and external liver implantation 18 have met with 
limited success. The ultimate role of such experimental 
technies is not clear. The assessment of therapy for 
hepatic failure complicating acute liver disease is dif- 
ficult for reasons other than the unpredictable course of 
the illness. These include lack of knowledge of the 
mechanisms responsible for coma and the absence of a 
biochemical test that correlates reliably with the degree 
of hepatic coma or with the severity of the liver cell 
damage. THe difficulties in assessing therapy are ex- 
emplified by the contrasting claims made for the sup- 
portive measures used in hepatic failure. Cross circula- 
tion and hepatic transplantation are the two methods that 
have produced long-term survivors in the experimental 
animal after hepatectomy.® 

In acute hepatic failure caused by drug intoxication, 
hepatitis, or allergic drug reactions, there remains the 
need for a reliable means of temporary support until 
Spontaneous recovery of at least minimally effective he- 
patic funtion occurs. Temporary auxiliary liver trans- 
plantation has the advantage of providing uninterrupted 
support for several days or weeks. If, in the meantime, 
the host liver recovers, the graft can be removed, thus 
avoiding the problems secondary to rejection and im- 
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munosuppressive therapy. The purpose of this study was 
to determin the feasibility of this procedure. 

Until recently, progress in the laboratory has been 
hampered by lack of a satisfactory animal model for 
hepatitis. In work largely overlooked, however, Barnes 
and Magee? in 1954 reported that dimethylnitrosamine 
(DMNA) produced acute centrilobular necrosis of the 
liver in the rat, mouse, guinea pig, rabbit, and dog when 
given in doses of the order of 25 mg./Kg. of body 
weight. In further work, Magee" showed that this drug 
has the advantages of being selectively toxic to liver cells 
and of being metabolized within 24 hours. Recently, 
Madden, Gertman, and Peacock!? have used the drug 
orally to induce cirrhosis in dogs, with associated histo- 
logic, biochemical, and physiologic abnormalities resem- 
bling many features of hepatic cirrhosis in man, Ex- 
perimentation in our laboratory with different doses 
(unpublished data) demonstrated that DMNA given in- 
travenously in a single dose of 30 4l/Kg. of body weight 
was uniformly lethal to dogs while allowing for survival 
of more than 24 hours, in contrast to the shorter survival 
with higher doses. When lower doses were given, there 
were occasional long-term survivors. 

With a satisfactory model available, the efficacy of 
heterotopic liver transplantation as temporary support in 
fulminant hepatic necrosis was tested. 


Material and Methods 


DMNA was given intravenously in lethal dosage (30 
ul/Kg. of body weight) to a control group of 15 dogs, of 
either sex, weighing 10 to 21 Kg. Vomiting was avoided 
during the first 24 hours by the subcutaneous use of 
atropine sulphate (0.05 mg./Kg.) at the time of injection 
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of the toxic drug and by the addition of the drug (1 
mg./liter) to drinking water. 

A second group of 20 dogs, weighing 10 to 27 Kg. re- 
ceived the same dose of DMNA. Thirty-six hours later, 
an auxiliary liver transplantation was performed, by the 
use of a modification of the technic described by Kuster 
et al? Briefly, this involves removing the liver from the 
donor dog and dividing the celiac axis at its origin and 
the vena cava above and below the liver. A cannula is 
placed in the portal vein for cold saline perfusion during 
transfer and revascularization in the recipient, The com- 
mon bile duct is ligated. The celiac axis of the graft is 
anastomosed end-to-end to the right external iliac artery 
of the recipient, and the distal end of the donor's vena 
cava is anastomosed to the side of the infrarenal portion 
of the recipient's vena cava. The portal vein of the graft, 
as well as the proximal segment of vena cava, is ligated 
(Fig. 1). A cholecystojejunostomy is performed to pro- 
vide bile drainage. The DMNA-damaged liver of the 
host, as well as his portal system, is left undisturbed. 

The grafts were removed 2 to 6 weeks after transplan- 
tation, usually when signs of severe rejection were pres- 
ent. The dogs were thus rendered dependent on their 
own regenerating livers. The experimental models are 
depicted in Figure 2. 

Each dog was given tetracycline (250 mg. orally) and 
azathioprine (2.5 mg./Kg. orally) daily and methylpred- 
nisolone (10 mg./Kg. intravenously) every other day, 
from the time of administration of DMNA until death or 
transplant hepatectomy. Serum levels of creatinine, bi- 
lirubin, glutamic oxaloacetic transaminase (SGOT), and 
alkaline phosphatase were determined before intoxica- 
tion and twice weekly thereafter. Autopsy and micro- 
scopic studies of the livers were performed. 


Results 


Controls. All 15 control animals died of acute liver 
necrosis: Four dogs died within 2 days, 10 survived 4 
days, and one survived 6 days. After injection of DMNA, 
the dogs did not accept food for 24 hours, vomited, and 
died of gastrointestinal and peritoneal hemorrhage. No 
changes were observed in the serum creatinine levels. 
Serum bilirubin levels increased slightly (to 0.5 mg./100 
ml.), except in one dog where the level reached 1.9 mg. 
on the fourth post-intoxication day. Serum alkaline phos- 
phatase values increased in all dogs from the normal 
figures before injection of less than 60 units/liter to a 
maximum of 532 units/liter. A similar elevation after in- 
jection of DMNA was observed in the level of SGOT, 
which increased from pre-injection normal levels of less 
than 24 units/liter to more than 100 units and as high as 
244 units. 

At postmortem examination, the livers were pale, yel- 
lowish, and edematous, with punctiform hemorrhages. 
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Fic. 1. Representation of vascular anastomoses in heterotopic liver 
transplantation in the dog. Bile drainage was provided by chole- 
cystojejunostomy. 


Microscopic examination showed that all livers had min- 
imal to extensive congestion and that several had differ- 
ent degrees of centrilobuar necrosis and early fatty 
changes. 

Experimental Group. Every dog that received an aux- 
iliary liver allograft recovered soon after operation and 
looked healthy, until rejection of the graft. The values 
for bilirubin, alkaline phosphatase, and SGOT returned 
to normal or close to normal by the end of the first post- 
operative week, and reached higher levels again when 
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Fic. 2, Experimental 
models. Controls received 
dimethylnitrosamine 
(DMNA), 30 4l/Kg. in 
a single bolus; trans- 
planted dogs received the 
same dosage of DMNA, 
followed in 36 hours by 
auxiliary liver transplant 
and subsequent removal 
of transplant 9 ta 45 days 
postoperatively. 
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rejection of the graft occurred (total serum bilirubin 
level was as high as 7.8 Gm./100 ml.; alkaline phospha- 
tase, as high as 684 units/liter; and SGOT, as high as 
1,312 units/liter). Evidence of graft rejection appeared 
between 7 and 20 days after transplantation, except in 
one dog in which acute rejection occurred within 48 
hours. Five dogs did not reject their allograft. In 13 of 
the other 15 dogs, by the time of rejection of the aux- 
iliary liver, the host liver had regenerated enough from 
the toxic insult to sustain life. Sixteen dogs survived in- 
definitely. Three dogs died within 2 weeks after trans- 
plantation: two at the end of the second week (one 
from rejection and the other from small-bowel intussus- 
ception), and the third on the second day (of acute 
rejection). A fourth dog died of liver failure 48 hours 
after removal of the rejected graft. In this dog, the graft 
was removed 9 days after the administration of DMNA; 
removal was done too early for the functional recupera- 
tion of the host liver. The surviving dogs recovered soon 
after removal of the graft. Serum levels of bilirubin and 
SGOT returned to normal within 1 week in all dogs. 
Alkaline phosphatase levels remained above normal for 
4 weeks after removal of the auxiliary liver but returned 
to normal, 

The rejected livers were large and dark red, and some 
of them had multiple small foci of necrosis and abscess 
at the time of their removal. Microscopically, they had 
severe autolytic effects in portions of some sections. Some 
parenchymal cells seemed to be undergoing degenera- 
tion. Numerous, small collections of mononuclear cells, 
with the characteristics of immunoblasts, were seen in 
the sinusoids. The Kupfer cells appeared to be stimu- 
lated, and there was some fatty change. 

The five auxiliary grafts that seemed not to have been 
rejected were removed 18, 21, 30, 32, and 44 days after 
transplantation. In the first two grafts that were removed, 
neither the size of the graft nor the size of the host liver 
had changed In the other three livers, both the graft 
and the host liver were approximately two thirds of their 
original size. In no instance did the graft or the host 
liver show extensive atrophy while the other liver main- 
tained a normal size. 


Comment 


This study has shown that temporary support in acute 
lethal liver failure in dogs can be achieved successfully 
by auxiliary liver transplantation. The mortality rate of 
100% after DMNA intoxication was reduced to 20% by 
this therapeutic procedure. Exchange transfusions and 
extracorporeal liver perfusion have been successful in 
only a few cases,!* and these have not been free of com- 
plications. In exceptional cases, as in the patient re- 
ported by Abouna et al.,1 these procedures have been 
repeated intermittently for a long period and have pro- 
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longed survival. For general clinical application, how- 
ever, this appears to be impractical Auxiliary liver 
transplanta-ion, as supportive therapy in acute liver fail- 
ure, has been given little attention in clinical as well as in 
laboratory work. 64418 This is partly due to the dis- 
couraging results of auxiliary hepatic transplanation pre- 
viously reported in the literature,!^ in which the recipient 
had died after rejection of the allograft. The procedure 
employed ia our series of experiments allowed circum- 
vention of tais problem by removing the allograft as soon 
as its rejection could no longer be kept under control. 
The removel of the rejected graft is technically simple 
because it has not been connected to the portal system. 
Removal is followed by improvement in the condition 
of the recipient and in eventual recovery, if the host 
liver has had time to regenerate. 

Another reason for the lack of interest in auxiliary 
liver transplantation. has been the observation that 
grafts, without portal blood inflow, atrophy.9!?15 At- 
rophy was not seen in our series. Dogs that retained both 
livers for more than a month had a mild and equal de- 
crease in the sizes of both livers. The initial damage pro- 
duced in the host liver by the administration of DMNA 
may account for the absence both of host-liver dom- 
inance and of graft atrophy. 

The world experience with human hepatic transplan- 
tation has not been encouraging so far. The procedure 
experimenta ly tested in our study warrants trial in sim- 
iliar clinical circumstances in which temporary :support 
is needed. NS 


References 


1, Abouna, C. M., Serrou, B., Boehmig, H. G., Amemiya, H. 
and Martineau, G.: Long-Term Hepatic Support by Inter- 
mittent Multi-species Liver Perfusions. Lancet, 2:391, 
1970. 

2. Barnes, J. M. and Magee, P. N.: Some Toxic Properties of 
Dimethvlnitrosamine, Br. J. Ind. Med., 11:167, 1954. 

3. Bergan, J. J.: Spring Newsletter. ACS/NIH Organ Transplant 
Registry, 1971, 3 pp. 

4. Eiseman, E., Liem, D. S, and Raffucci, F.: Heterologous Liver 
Perfusion in Treatment of Hepatic Failure. Ann. Surg. 
162:329, 1965. 

5. Fortner, J. G., Beattie, E. J., Jr, Shiu, M. H., Kawano, N. 
and Howland, W. S.: Orthotopic and Heterotopic Liver 
Homografts in Man. Ann. Surg., 172:23, 1970. 

6. Gliedman, M. L., Pangan, J., Minkowitz, S., Popowitz, L. and 
Karlson, K. E.: Heterotopic Liver Transplantation after 
Liver Damage. Trans, Am. Soc. Artif. Intern. Organs, 11: 
205, 1965. 

7. Jones, E. A., Clain, D., Clink, H. M., MacGillivray, M. and 
Sherlock, S.: Hepatic Coma Due to Acute Hepatic Necrosis 
Treated by Exchange Blood-Transfusion. Lancet, 2:169, 
1967. 

8. Joyeuse, R. Ivanisevic, B., Longmire, W. P., Jr. and Maloney, 
J. V., Jn: The Treatment of Experimental Hepatic Coma 
by Parabiótic Cross Circulation. Surg. Gynecol. Obstet., 
117:129, 1963. 

9. Kuster, G., Dawson, B., Shorter, R. G. and Hallenbeck, C. A.: 


A 


Vol, 176 * No. 6 


One Stage Allogenéic Transplántation of the Liver and 
Hepatectomy in Dogs. Surg. Gynecol Obstet, 129:565, 
1969. 

10. Madden, J. W., Gettman,. P. M. and Peacock, E. E. Jr.: 
Dimethylnitrosamine-Iriduced Hepatic Cirrhosis: A New 
Canine Model of an Ancient Human Disease. Surgery, 68: 
260; 1970. ; i 

11. Magee, P. N.: Toxic Liver Injury:, The Metabolism of Di- 

. methylnitrosamine. Biochem. J, 64:676, 1956. 

12. Marchioro, T. L., Porter, K. A:, Dickinson, T. C., Faris, T: D. 
and Starzl, T. E.: Physiologic Requirements for Auxiliary 
Liver Homotransplántation. Surg. Gynecol Obstet, 121: 
17, 1965. 

13. Parbhóo, S. P., Kennedy, J. James, I. M., Chalstrey, L.. J., 
Ajdukiewicz, A., Brock, P. J., Xanalatos, C., Sayer, P. and 
Sherlock, S.: Extracorporeal Pig-Liver Perfusion in Treat- 
ment of Heaptic Coma Due to Fulminant Hepatitis. Lancet, 
1:659, 1971. 


14. Starzl, T. E., Marchioro, T. L., Faris, T: D., McCardle, R. J. 
and Iwaski, Y.: Avenues of Future Research in Homo- 


LIVER TRANSPLANTATION AND HEPATIC NECROSIS 


735 
transplantation. of the Liver: With Particular Reference to 
ae Supportive Procedures, Antilymphocyte Serum, 
and Tissue Tvping. Am. J. Surg., 112:391, 1966. 

15. Starzl, T. E, Marchioro, T. L. Rowlands, D. T., Jr, Kirk- 
patrick, C. H., Wilson, W. E. C., Rifkind, D. and Waddell, 
W. R.: Immunosuppression After Experimental and Clini- 


cal Homotransplantation of the Liver. Ann. Surg. 180: 
411, 1964. 


16. Starzl, T. E. and Putman, C. W.: Experience in Hepatic 
Transplantation. Philadelphia, W. B. Saunders Company, 
1969, pp. 492-515. 

17. Trey, C., Burns, D. G. and Saunders, S. J.: Treatment of 
Hepatic Coma by Exchange Blood Transfusion. N. Engl. 
J. Med, 274:473, 1966. ) 

18. Wegmann, R., Léger, L., Monsallier, F., Chapuis, Y., Lenriot, 
J.-P., Lemaigre, G. and Charbonnier, A.: Etude méta- 
bolique lalar d'une foie humain d'hépatite fulminente 
et d'un foie de babouin transplanté en hétérotopie sur les 
vaisseaux fémoraux, de la patiente. C R Acad Sci [D] 
(Paris), 269:2113, 1969. 


Effects of Experimental Hemorrhagic Shock on Extracellular 


HE RENAL RETENTION of salt and water following in- 
jury, has, until recently, been attributed to a series 
of neural and endocrine responses believed to be ini- 
tiated directly bv traumatized tissue. As a result, in the 
early post-traumatic period, administration of both salt 
and water was restricted, in order to prevent circulatory 
overloading.!? Recently this approach was challenged 
by the demonstration that a period of hemorrhagic shock 
results in a significant reduction in the extracellular wa- 
ter volume.5561519 Tt was consequently postulated that 
the post-traumatic decrease in sodium and water excre- 
tion was an homeostatic response to this decrease in the 
functional extracellular water volume. As a result, the 
traumatized patient, has in recent years been receiving a 
larger parenteral load of both salt and water? However, 
this is not without considerable risk, as emphasized in 
several recent reports of the so-called “wet lung syn- 
drome" which results from the superhydration of the 
traumatized patient.4.7° 
Shires and his group were the first to draw attention 
to the post-ttaumatic fall in the “functional” extracellular 
water volume.16 Using the Wiggers shock prepara- 
tion, the extracellular water volume, was measured in a 
group of dogs, before, during and following the hypo- 
tensive period. In spite of returning all the shed blood 
to the animal, a 30% decrease in the extracellular water 
volume was recorded. In the same experimental model, 
survival was increased when the animals received, in 
addition to all the shed blood, Ringer’s solution in a 
volume equivalent to 5% of body weight. Similar changes 
have been reported in man following hemorrhagic shock 
and following major surgical procedures.?!* These ob- 
servations imply that in treating the acutely traumatized 
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patient, in addition to the replacement of all blood loss, 
a significant volume of a buffered salt solution should be 
administered to correct for the deficit in the extracellular 
water volume. 

Shires postulated an impairment of the sodium. pump 
in the cell membrane to explain the decrease in the ex- 
tracellular water volume following hemorrhagic shock.!5 
According to this hypothesis, a period of hemorrhagic 
shock results in the isotonic movement of sodium and 
water from the extracellular into the intracellular com- 
partment. The present studies were undertaken to test 
this hypothesis. - 


Methods and Materials 


Part I—Volume Changes Following Hemorrhagic Shock. 


In order to demonstrate the shift of both water and 
sodium from the extracellular to the intracellular com- 
partment, both low and high molecular weight tracers 
were simultaneously used to measure the extracellular 
water volume. Thus the volumes of distribution of 
sodium-22, sulphur-35 labelled sulphate, cobalt-57 la- 
belled vitamin B-12 and inulin were simultaneously de- 
termined. If the hypothesis proposed by Shires is cor- 
rect, hemorrhagic shock should result in a decrease in 
the inulin, sulphate and vitamin B-12 spaces as these 
spaces are contracted by the movement of water out of 
the extracellular compartment. The shift of sodium into 
the cells would instead result in either an enlarged or at 
least unchanged sodium space. On the other hand, if 
sequestration is the mechanism responsible for the de- 
crease in extracellular fluid, the volumes of distribution 
of the various tracers should decrease proportionately. 
The Wiggers hemorrhagic shock model was used as this 
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was the same experimental model used by Shires and his 
group. 

Measurements were carried out in 10 dogs who had 
undergone splenectomy at least two weeks prior to the 
acute experiment. Under nembutal anaesthesia (30 mg./ 
Kg.) the extracellular and plasma volumes were mea- 
sured. I-131 labelled human serum albumin was used to 
measure the plasma volume. Sodium-22, Sulphur-35, la- 
belled sulphate, cobalt-57, labelled vitamin B-12 and non- 
radioactive inulin were simultaneously used to measure 
the extracellular water volume. With the completion of 
the control measurements, the blood pressure was re- 
duced to 50 mm. Hg by bleeding the animals into a 
reservoir. The blood pressure was maintained at this 
level for 90 minutes by either further bleeding or trans- 
fusion. This was followed by an additional 45 minutes 
with the blood pressure maintained at 35 mm. Hg. All the 
shed blood was subsequently returned to the animals 
and 2 hours later the extracellular water and plasma vol- 
umes were again measured. 

All of the above tracers were simultaneously injected. 
The distribution of these tracers were determined by 
drawing blood samples at 15-minute intervals over a 2- 
hour period. Plotting the logarithm of plasma concen- 
tration. against time resulted in a straight line. The 
method of least squares was used to fit the best straight 
line to these experirnental points. 

Extrapolation of the line back to the time of injection 
resulted in a concentration that approximated the con- 
centration that would have occurred had the tracers 
mixed instantaneously within the distribution compart- 
ment at the time of injection. This concentration was 
corrected for plasma water and the Gibbs-Donnan equi- 
librium in the case of sodium and sulphate. With inulin 
and vitamin B-12, only the plasma water correction was 
necessary. The volumes of distribution was obtained by 
dividing this corrected concentration into the mass of 
tracer injected. The above method could not be used 
for inulin since this substance mixes slowly throughout 
the extracellular water while at the same time it is 
rapidly excreted in the urine.!? The inulin dilution curve 
is composed of two simple exponential curves; a mixing 
curve and an equilibrium curve. From these curves the 
volume of distribution of inulin was calculated.!? 


Part II—Hemorrhagic Shock Following Acute Nephrec- 
tomy. 


In six mongrel dogs at the time of splenectomy, loops 
were placed about both renal pedicles and buried in a 
subcutaneous pocket. Two weeks later acute nephrec- 
tomies were performed by tightening these loops. Sev- 
eral minutes later Iodine-125 labelled serum albumin, 
chromium-51 tagged red cells, sodium-22, sulphur-35, la- 
belled sulphate and inulin were injected. In the absence 
of renal function these tracers reached a steady state 
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within 15-45 minutes. This was verified by determining 
the plasma concentration of these tracers during a 
145-minute control period. Following this equilibration 
period the animals were subjected to a period of hemor- 
rhagic shock as described in Part I. Following trans- 
fusion of the shed blood the concentration of the above 
tracers were determined at regular intervals until the 
animals either died or were sacrificed. Because the tracers 
had equilibrated at the time of bleeding and because 
they were not reinjected following the hemorrhagic pe- 
riod any change in their plasma concentration: would 
indicate fluid shifts or differential movement of the 
tracer. Thus it would be possible to detect even small 
movements of water and/or sodium out of the extracell- 
ular space. Furthermore because the concentrations were 
monitored continuously for a prolonged period of time 
it would be possible to detect transient movements of 
water and sodium. 


Counting Technics 


Sulphur-35 was counted in a Packard TriCarb liquid 
scintillation counter. Plasma was added to an equal vol- 
ume of 10% tri-chloroacetic acid to precipitate the 
plasma proteins. Two cc. of the resultant supernatant 
was added to 18 cc. of the scintillation solution described 
by Christian and Bruno.? Standard solutions were pre- 
pared in a similar fashion, Variation in quenching was 
corrected by using internal standards. The remaining 
isotopes were counted in a Picker deep well scintillation 
counter. When chromium-51 tagged red cells were in- 
jected whole blood rather than plasma was counted in 
a deep well counter. To avoid counting errors due to 
differences in sample geometry the blood samples were 
first hemolysed with saponin. The hematocrit of each 
sample was determined in duplicate to convert the whole 
blood concentration to plasma or red cell concentra- 
tion. 

The total amount of tracers injected was determined 
by weighing the solution injected with an accuracy of 
0.1%. To determine the concentration of the solution 
injected, standard solutions were prepared by weighing 
an aliquot of the injection solution with an accuracy of 
0.1% and ‘diluting it in a known volume. These solutions 
were prepared in triplicate. 

The simultaneous injection of several isotopes neces- 
sitated the use of differential counting technics. This was 
accomplished by coupling the deep well and the liquid 
scintillation counters to a pulse height analyser. For each 
isotope injected it was necessary to count each sample 
once at a specific window setting on the pulse height 
analyser. The window was chosen to give a maximum 
“counts per minute” for one isotope while the counts per 
minute due to the other isotopes are at a minimum. The 
standard solutions which were prepared in triplicate 
were also counted in each of the windows. A number of 
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simultaneous equations equal to the number of isotopes 
injected, were constructed for each sample. The solution 
of these equations resulted in the concentration of the 
individual isotopes. Precision was maintained because 
there was a wide separation of the major energy peaks 
of the isotopes used. All the calculations were carried out 
on an IBM Digital Computer. 


Results 


Part I—Volume Changes Following Hemorrhagic Shock. 


At two hours following the hemorrhagic period, both 
the mean plasma and the mean extracellular water vol- 
umes were less than the corresponding control volumes. 
The mean volumes, expressed as a percentage of body 
weight, are plotted in Figure 1. An analysis of variance 
was carried out and the significance between the various 
differences was determined by the method of J. W. 
Tukey, as described by Snedecor.’ Statistically signifi- 
cant differences (p < 0.05) occurred only with the con- 
trol vitamin B-12 space. This space differs significantly 
from both the control and post shock volumes as de- 
termined with sulphate and inulin. The remaining differ- 
ences between the different measurements of the extra- 
cellular water volumes, were not statistically significant. 
However, the mean control vitamin B-12 space at 28.4% 
of body weight is much greater than is generally accepted 
for a normal extracellular water volume. The post shock 
vitamin B-12 space on the other hand is not significantly 
different from the other volumes, We suspect that a 
technical] error had savalidated-thes control vitamin B-12 
measurements. Twenty minutes before injecting the la- 
belled vitamin B-12, 5000 ugm of non-radioactive vita- 
min B-12 was injected to saturate the vitamin B-12 car- 
rier system. The control measurements were probably 
carried out too soon after the injection of the non- 
radioactive vitamin B-12 and therefore part of the 
tracer became attached to the carrier system resulting in 
elevated volumes. The second determination, which was 
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Fic. 1. The mean distribution volumes (+ one standard devia- 
tion) are expressed as a percentage of body weight. The control 
determinations were carried out prior to bleeding. The post shock 
determinations were obtained at two hours following retransfusion 
of all the shed blood. 
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Fic. 2. The change in the volumes of distribution in the 10 animals 
studied, expressed as a percentage of the control volumes. There 
was a mean decrease in the sodium-22, sulphate and inulin vol- 
umes of 5.5%, 4.7% and 8.4% respectively. The mean decrease in the 
plasma volume was 12.4%. 


carried out several hours after the loading injection, 
therefore resulted in a more accurate determination of 
extracellular water volume. 

The percentage change recorded for each space mea- 
surement in the 10 dogs investigated is represented in 
Figure 2. There is considerable individual variation. 
However, the mean changes are minimal, The mean de- 
crease in the sodium, sulphate and inulin spaces was 
5.5%, 4.7% and 8.42 respectively. The mean plasma 
volume decrease was 12.4%. These changes, although 
not statisticaly significant, probably represent the loss of 
plasma and extracellular water incurred as a result of 
the several blood Samples drawn. Each set of measure- 
ments required approximately 75 cc. of blood which was 
not replaced. 


Part II—Hemorrhagic Shock Following Acute Nephrec- 
tomy. 


Of the six nephrectomized animals subjected to a pe- 
riod of hemorrhagic shock, four died within 7 hours fol- 
lowing retransfusion of the shed blood. The remaining 
two animals were sacrificed at 6 and 7% hours. Despite 
this, in no animal was there a significant change in the 
plasma concentration of either sodium, sulphate, or inu- 
lin following the period of hemorrhagic shock. The re- 
sults obtained in three of these animals are shown in 
Figures 3, 4 and 5. 

Following hemorrhage, as expected, transcapillary re- 
filling resulted in a decrease in both the hematocrit and 
the plasma concentration of iodine-125 labelled serum 
albumin. The concentration of the chromium-51 tagged 
red cells did not change since it was expressed as counts/ 
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min./cc. of packed red cells. The latter changes only with 
variations in the percentage of labelled red cells within 
the vascular system. With the return of the shed blood, 
the reverse changes in both the hematocrit and the 
radio-iodinated albumin concentration were noted. The 
continuous decrease in the iodine-125 labelled albumin 
concentration is due to its slow equilibration with the 
extravascular alburnin pool. 

In some animals (Figs. 3 and 5) there was a slight de- 
crease in the plasma concentration of both the labelled 
sulphate and inulin. This is due to either a movement 
of these tracers out of the extracellular space or a shift 
of water into this space. An increase in the plasma con- 
centration of these tracers, indicative of movement of 


. water out of the extracellular compartment, was not re- 


corded in any of the animals studied. In only one animal 
(Fig. 5) was a slight increase (approximately 10%) in 
the sodium-22 concentration recorded. This is probably 
related to a counting error as the other data in this 
animal is not consistent with a movement of water into 
the cellular compartment. 


Discussion and Conclusions 


In part I following the hemorrhagic shock period, 
there was a slight decrease of approximately 5-10% in 
both the plasma and extracellular volumes. These 
changes, which were not statistically significant, prob- 
ably represent the loss of blood incurred in the process 
of sampling. Each set of measurements required 75 cc. 
of whole blood which was not replaced. The only sig- 
nificant decrease recorded was in the vitamin B-12 vol- 
umes. As pointed out, this probably represents a tech- 
nical error. 


DOG No. 20 


CTS / MIN. 


Fic. 3. The tracers were 
injected 145 minutes 
prior to subjecting the 
animals to a period of 
hemorrhagic shock. The 
Wigger’s shock model 
was used, The plasma 
concentration of iodine- 
125 labelled human se- 
rum albumin, sodium-22, 
and sulphur-35 labelled 
sulphate are expressed 
as counts/min/volume of 
plasma. The chrominum- 
51 tagged red cell con. 
centration is expressed 
in terms of cts/min/vol 
of packed red cells. The 
inulin concentration is in 
optical density units. 
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The marked variations in the response of the individ- 
ual animals to the period of hemorrhagic shock (Fig. 2) 
is probably related to the method used to calculate volume 
changes. The latter were calculated by subtracting the 
post-shock volumes from the control volumes. In spite 
of the fact that these measurements are made with con- 
siderable precision (approximately + 5%) the preci- 
sion of the difference becomes very poor when the latter 
is small. The following examples demonstrate this prob- 
lem (Table 1). Given an initial volume of 5000 cc. which 
decreases by 10% to 4500 cc. and a measurement error 
of +5%, the absolute error of the difference of the two 
determinations is the sum of the absolute error of each 
individual measurements, iie. (250 + 200) = 450. The 
error in determining the 500 cc. change is therefore 
902. This would explain the marked individual varia- 
tion noted in Figure 2. Provided that the experimental 
error involved is of a random nature the error is mini- 
mized by repeating the same measurements in several 
animals and determining the mean change. As indicated 
in Figure 2, the mean changes were small and consistent. 

A second difficulty with the experimental design of 
part I is that the second set of space measurements were 
carried out only once at two hours following the period 
of hemorrhagic shock. In pilot experiments following re- 
transfusion of the shed blood the haematocrit quickly 
rose on an exponential growth curve and tended to level 
out at about two hours. For this reason, the 2-hour pe- 
riod was arbitrarily chosen for the commencement of 
the second set of measurements. Thus it is possible that 
transient changes which occurred before 2 hours or 
changes which occur after this period would not be 
recorded. Furthermore the second set of measurements 
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were based on the assumption that a steady state exists 
during the 120 minutes necessary to carry out the vol- 
ume determination. Both these difficulties were over- 
come by the measurements in the nephrectomized ani- 
mals, since it was possible to carry out numerous 
determinations over a prolonged period of time. In these 
experiments, the movement of water into, or out of, the 
extracellular compartment would be reflected by varia- 
tions in thesconcentration of the tracers. On the other 
hand, if there was an isotonic movement of water plus 
sodium out of the extracellular water compartment, as 
proposed by Shires, one would expect the sodium-22 
concentration to remain unchanged, while the sulphate 
and inulin concentrations should rise. If this hypothesis 
was correct, the sodium-22 concentration would not 
change as sodium would be moving with a proportionate 
amount of water out of the extracellular compartment. 
On the other hand, it is unlikely that inulin and sulphate 











TABLE 1 
Volume Absolute Error % Error 
cc cc % 
Initial Measuremert 5000 250 5 
Final Measurement 4500 200 5 
Difference 500 450 90 
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would significantly penetrate into the cellular compart- 
ment. Thus the concentration of these tracers would rise 
as water moved out, In the absence of any significant 
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change in concentration following hemorrhagic shock, it 
is unlikely that there is a significant isotonic movement 
of water and salt into the cells following hemorrhagic 
shock. 

However, the sequestration of a significant volume of 
extracellular water in a "third space" would not result 
in a change in the plasma concentration of any of the 
above tracers. Hence the measurements carried out on 
the nephrectomized animals in part II could not detect 
sequestration of extracellular fluid. However the failure 
to detect a change in extracellular water volume in part 
I would rule out the presence of a significant sequestra- 
tion of extracellular water in a third space at least, at 2 
hours following a period of hemorrhagic shock. It should 
be pointed out that the shock model used was lethal to 
75% of the experimental animals. 

These conclusions while in agreement with several 
other investigators 111.121820 are in direct conflict with 
those of Shires. This difference is probably related to 
methodology. Shires et al. used the concentration at 20 


minutes to determine the sulphate volume of distribu- 


tion. There is some evidence that while this approach 
may be valid in the normal animal it tends to introduce 
considerable error in the unstable preparation.” 

There is recent evidence, both clinical and experi- 
mental, which supports the increased requirement of 
crystalloid solutions following various forms of trauma. 
To explain these observations a decrease in the so called 
"functional extracellular water volume" has been pro- 
posed.59 However, at the present time a satisfactory 
method for measuring the "functional extracellular 
water", does not exist. Furthermore, the development of 
such a method is predicated on a definition of this so 
called "functional" space. An adequate definition does 
not presently exist. 

In this study we have determined the extracellular 
water as defined by the distribution of sodium sulphate, 
and inulin. We can therefore only conclude that these 
volumes of distribution are not affected by a prolonged 
period of severe hemorrhagic shock. The relationship 
between these volumes and the “total” and the “func- 
tional" extracellular water volumes remains uncertain. 

We would therefore join several other investigators +912 
who have urged caution against the excessive hydration 
of the acutely traumatized patient. 


Summary 


The Wiggers shock model was used to investigate the 
effect of hemorrhagic shock on body water distribution. 
In ten animals extracellular water volume was simul- 
taneously determined with sodium-22, S-35 labelled sul- 
phate, inulin and cobalt-57, labelled vitamin B-12. A 
significant decrease in the extracellular water volume 
was not recorded. 
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In six animals similar tracers were injected intra- 
venously following acute nephrectomy. Following an 
equilibrium period the animals were exposed to a period 
of hemorrhagic shock. In the absence of a significant 
variation in the plasma concentration of these tracers, it 
is unlikely that hemorrhagic shock results in an isotonic 
shift of water and sodium out of the extracellular com- 
partment. 
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Comparison of Complete Barrier Isolation and Unidirectional 
Air Flow Isolation in the Treatment of Burn Wounds 


ROBERT P. HUMMEL, M.D., BRUCE G. MacMILLAN, M.D., MATTHEW MALEY, 


N THE CONTINUING ATTEMPT to limit bacterial contami- 
I nation of burn wounds, a number of therapeutic pro- 
cedures have been employed. These methods of therapy 
include topical and systemic antibiotic therapy, active 
and passive immunotherapy, aggressive local wound de- 
bridement and temporary wound coverage with homo- 
graft or xenograft, as well as, new and intensified meth- 
ods of supportive therapy. An additional method of 
protecting burn patients from severe bacterial contami- 
nation and eventual invasive infection is to control the 
immediate environment during the period of burn ther- 
apy. Various approaches to this problem have been 
reported to range from the construction of an entire 
hospital facility to control the environment and all per- 
sonnel within the facility,* to the use of individual pa- 
tient isolator systems of one type or another.1:2:3.5.6 

For the past 5 years we have had experience with 
complete barrier isolation treatment of burn and other 
trauma patiegts, employing both the “Life Island Unit” 
and the Snyder Reverse Isolation Unit. More recently 
we have worked with a small unidirectional flow unit as 
an alternate method of less rigid reverse isolation. Some 
25 burn patients have been studied in these various types 
of isolation units and our experiences will be reviewed 
in this report. 

The objectives of reverse isolation therapy of any type 
is to attempt to eliminate exogenous sources of infec- 
tion while preventing the emergence of resistant en- 
dogenous bacteria; to minimize endogenous bacterial 
spread; to deliver optimal patient care with minimal 
additional effort on the part of attending personnel; to 
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create a pleasant treatment atmosphere and finally to 


reduce mortality secondary to infection. 


Types of Isolators 


The majority of patients treated in this study were 
housed in the Snyder Reverse Isolation Unit.* It is con- 
structed of flexible plastic approximately 8 ft. long, 6 ft. 
wide, and 6 ft. high above the bed (Fig. 1). The rec- 
tangular shape is maintained by the frame of metal 
traction supports mounted on the bed. The mattress and 
side rails of the bed are external to the isolator. The 


‘patient is introduced into the isolator unit through an 


oval port at the head of the bed and there are many 
other ports and flares in the sides of the isolator for 
attachment of supporting isolators, waste disposal units, 
and numerous other items, such as electrical probes, 
oxygen and intravenous tubing, etc. 

The air filtration system is individually controlled so 
that it is possible to create a positive or negative pressure 
within the isolator by regulating the volume of air pro- 
duced by tke inflow and outflow air blowers. The air 
that enters and leaves the unit first passes through a 
polyurethrane prefilter and then through a HEPA (High 
Efficiency Particulate Air) type filter. The blowers are 
situated on the upper portion of the isolator to keep 
them away from the floor and reduce filter clogging due 
to dust. The air flow in the unit is cyclic and turbulent 
There are approximately eight changes of air in the unit 
per hour. 

An ultraviolet lock (UV) is attached at the foot of 





° Snyder Manufacturing Co., New Philadelphia, Ohio. 
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Fic. 1. Snyder Reverse Isolation Unit suspended from a metal 
traction frame with the supporting trap isolator at the head of the 
bed and the ultraviolet lock entry system at the foot of the bed. 
The nurse and attendant can be seen caring for a patient inside the 
unit. They are in personnel entry jackets built into the side of the 
isolator’s flexible plastic walls. 


the isolator and has two chambers, one for passing the 
sterile items in and one for moving items from the iso- 
lator (Fig. 2). The UV lock is not intended to function 
as a sterilizing chamber but only to act as a convenient 
method of introducing and removing material from the 
isolator. The materials passed into the lock are doubly 
wrapped at the time of sterilization and the outer wrap- 
ping removed prior to introduction into the compart- 
ment. The UV lock furnishes a means of decontaminat- 





Fic. 2. The ultraviolet lock attached to the foot of the isolator is 
demonstrated in this figure. The nurse is seen placing a previously 
sterilized package of dressings into the chamber at her right which 
is used for the passing in of sterilized material. The chamber to 
the left is used to pass out material from the unit. The ultraviolet 
lock does not sterilize the objects placed in the chamber but 
merely keeps the air within the unit sterile so that bacteria do not 
pass into the isolator system when the inner door is open. 
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ing any external air that may have entered when the 
package was introduced. 

Built into the sides of the isolator are three personnel 
entry jackets, consisting of gloves, arms, helmets, and 
sufficient plastic to allow the attendant to move freely 
within the isolator and perform medical or technical 
duties. Each suit has its own individually controlled air 
supply. 

A trap isolator has proved to be of great technical aid 
in supporting the patients within the isolator (Fig. 3). 
It consists of a double door, baffled, germicidal trap with 
a plastic isolator hood. A 12-inch entry port attaches the 
trap unit to the patient isolator. The trap unit has its 
own intake and its own exhaust filter air system. This 
unit has been valuable for passing food into the isolator 
and presterilized containers. Other items difficult to 
sterilize may be passed through the germicidal bath and 
left in the bath for 20 minutes to complete sterilization 
of the container. 

The Life Island isolator * is another type of complete 
reverse isolation unit that has been employed to study a 
few burn patients. Although this isolator appears to be 
simpler than the Snyder Unit, we have found that caring 
for seriously burned patients requires frequent dressing, 
intravenous fluids, and many nursing procedures which 
are significantly more difficult in this unit. The isolator 





Fic. 3. The separate trap isolator is attached to the Snyder Isola- 
tion System at the head of the bed through a 12-inch entry port. 
The technician is seen passing material through the entry port to 
the gloved hand of the second technician on the right. The trap 
isolator is employed to prepare all sterilized food for the patient 
in the isolator as well as passing in larger supply items that have 
been presterilized or else soaked in the germicidal bath of the trap 
isolator for 20 minutes prior to entering the isolator system. In the 
background a nurse can be seen adjusting the IV fluids which are 
running to the patient in the isolator through one of the many 
small entry flares at the head of the bed. 
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isolator con- 


Fic. 4. The CRS (Contamination Reduction System) 
sists of a unidirectional flow system with turbulence free air being 


delivered from an air plenum over the patient's bed, which is 
surrounded by a flexible plastic canopy that is electrically operated 
as a draw curtain by a foot switch control. The blower filter unit 
with a sealed HEPA filter is seen at the head of the bed. 


jackets built in the side of the Snyder Unit greatly facili- 
tate nursing care. The Life Island unit also has cyclic 
air flow with approximately 14 changes per hour. There 
are full length gloves for personnel in the sides of the 
isolator and a UV lock in one end for supplies. A double 
zipper in the side of the unit is used to open the unit for 
the introduction of a patient. 

The CRS (Contamination Reduction System) iso- 
lator * has been more recently employed in the study 
of environmental control in the therapy of burn patients 
(Fig. 4). This unit consists primarily of a unidirectional 
flow system with uniform turbulence-free air being de- 
livered from a ceiling air plenum over the patient's bed. 
The gentle flow of air (15-20 CFM per sq. ft.) mini- 
mizes patient discomfort and dehvdration. The bed is 
surrounded by a flexible plastic canopy that is electri- 
cally operated as a draw curtain by a foot switch control 
(Fig. 5). The unit is easily asse mbled on a standard 
traction frame over any hospital bed. The air flow is 
controlled by a blower filter unit with a sealed HEPA 
filter assembly. The floor space required for the CRS 
isolator is only 40 sq. ft. as opposed to 122 sq. ft. for 
the Life Island and 129 sq. ft. for the Snyder Isolator 
Unit (Fig. 6). The initial cost and upkeep expenses are 
also much less for this type unit. 

The unidirectional air flow unit, however, does remove 
the absolute barrier to cross-contamination from direct 
contact and unless strict isolation technics are employed 
by all personnel coming in contact with the patient. 
Breaks in technic will occur and direct contact cross- 





* Contam-a-trol—CRS Industries, Inc., 
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Fic. 5. The physician is seen stepping on the foot switch control 
which ‘electrically draws the side of the c canopy back and allows 
contact with the patient within the CRS unit. The physician wears 
a scrub suit, mask, sterile gloves and a clean, disposable apron to 
prevent cross-contamination from one patient to another by means 
of attending personnel. 


contamination is unavoidable even if it is greatly di- 
minished (Fig. 7) 


Air-borne Bacterial Studies 


In order to compare the bacterial contents of the air 
surrounding the burn patient in varying environments, 
periodic studies were performed with the TDL slit sam- 
pler which measured the number of organisms in 1 cu. 
ft./min. of air for 20-60 min. periods. The sampler was 
located in the Snyder complete barrier isolation unit, 
and in the hospital room in which these units were 
housed. Samples were taken over approximately one 
hour period of time both prior to placing patients in the 
isolator they had been in the isolator for 
various lengths of time. The number of colony producing 
agents was then plotted against time and activity inside 
the unit and in the hospital room. 

It was immediately apparent that the bacterial counts 
in the room air were much higher than those inside the 
Snyder unit. The room air-borne bacterial counts varied 
directly with activity in the room and with the number 
and types of personnel present in the room. Prior to 
entry of a patient into the Snvder unit there was no 
bacterial air contamination. When the patient first. en- 
tered there was only minimal increase in bacteria present 
in the air by the slit sample technic and this amount of 
contamination remained low during the first hour that 
the patient occupied the unit. After 2 days in the unit, 
however, the bacteria increased 
greatly, particularly with activity inside the unit. A bed- 
ding change inside the Snyder isolator unit would cause 
a marked elevation of air-borne bacteria almost at the 
levels of room air-borne bacteria and as the patient re- 


and after 


number of air-borne 
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AIR FLOW: UNIDIRECTIONAL, 120 CHANGES PER HOUR 
ENTRY 


FLOOR SPACE REQUIRED 


MOVABLE DRAPERY 


40 sq ft 


Fic. 6. The three types of isolators employed in this study are 
compared as to air flow, methods of entry and floor space re- 
quired. The CRS unit has proven to be the most desirable from 
these three aspects. 


mained in the isolator over a long period of time the 
patient’s own bacteria would accumulate inside the unit 
and be showered into the air with activity inside the unit. 

All air samples taken with the CRS unidirectional 
flow unit were negative regardless of activity in the unit 
unless the activity was directly over the sampler. AI- 
though no bacterial isolates were detected above the 
bed level, a few colony producing agents were isolated 
when the slit sampler was placed on the floor of the 
CRS unit near the filter intake (Fig. 8a & 8b). 


Patient and Isolator Bacterial Studies 


In general it can be stated that all patients placed 
into the complete barrier isolator patient system (Sny- 





Fic. 7. The nurse re-enacts a typical break in technic wearing no 
mask, apron or gloves. She contacts the side of the patient isolator 
and enters to give the patient an unsterilized object from another 
patient. Direct contact of this type cannot be prevented by the 
CRS unit without complete cooperation of the attending personnel. 
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Fic. 8a. Air cultures of the room in which the isolator was housed 
indicate relatively high levels of colony producing agents during 
the time sampled. Activity in the room caused a sharp rise of 
bacteria in the air. The Snyder Complete Barrier Isolation System 
showed no bacterial count prior to patient entry. Following patient 
entry there was only minimal increase in air-borne bacteria despite 
activity within the unit during the first hour of isolation. The uni- 
directional flow unit (CRS) showed no bacteria recovered from 
the air during the first hour of patient isolation. 


der) developed no new bacterial flora after they were 
put in the unit. The bacteria brought with them upon 
entry into the unit remained and frequently spread from 
one area of the body to another and onto the isolator 
and isolator gloves despite precautions and sterile pro- 
cedures performed within the isolator. The bacteria 
present in the isolator were usually first found on rectal 
cultures and then later on the wound, nose, throat, or 
tracheostomy area. As time progressed these various 
isolates were recovered from portions of the isolator 
particularly the gloves. Burn patients that were placed 
in the isolator early in their postburn treatment period 
usually did not have Pseudomonas aeruginosa cultured 
from their stool or wounds at the time of entry nor did 
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Fic. 8b. After two days of isolation air cultures inside the Snyder 
Isolator revealed that activity caused a marked rise in colony pro- 
ducing agents almost to the level of the number of those recovered 
from the hospital room containing the patient isolator. The uni- 
directional flow unit continued to have no air bacteria recovered 
despite activity or length of time the patient was in the unit. 
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TABLE 1 Days Post-entry TABLE 2. Pseudomonas Isolation on Patients in ICU 
Entry 3 6 0 4 17 — 31 Date — 2/23 2/24 2/25 2/26 2/27 2/28 3/1 3/2 3/3 3/4 3/5. 

E. coli R R R R R R RW W Patient #1 X X X X 
Klebsiella IN R R R R R R Patient #2 X X X X 
S. epidermidis W I I* RI*TW RIWI* Patient 23 X 
Strep. (Entro) R RW R R R WRI* WI* Patient #4 
S. aureus RWT T T T T (UDF) X 
Gaffkya sp. R WI RI* RW m S ~ — E 2 — 
C. albicans W RW RW RW RV 
Yeast (not . ` : : 

C. alb.) T W W aeruginosa on the burn wound of patient in the CRS 

Ps. aeruginosa—not isolated from patients admitted early after unat: This isolate was not recovered from the air en- 
buen. vironment of the CRS unit at any time but was found 

R = Rectal I = Isolator in the unit’s HEPA filter. 

W = Wound = Isolator gloves 


T = Trachea 


they develop Pseudomonas on their wounds during their 


period of isolation which in some cases lasted as long as 
60 days. Table 1 indicates a composite of the bacterium 
recovered from several burn patients placed into the 
Snyder isolator early in the postburn period. The pre- 
dominance of rectal organisms gradually spreading 
throughout the environment is apparent. Patients who 
were placed in the isolator system late in the postburn 
period frequently already had Pseudomonas on their 
burn wounds and this organism remained during the 
period of isolation. Although Pseudomonas would often 
be temporarily eliminated in one area or another of the 
burn by topical therapy it almost always reoccurred. 
Other patients who did not have Pseudomonas cultured 
during their stay in the Snyder isolator developed this 
organism on their burn wound after they were removed 
from the isolator system. In general, there was no evi- 
dence of cross-contamination occurring in any of the 
patients treated within the Snyder isolation system. 
Bacterial surveys of patients treated within the CRS 
unidirectional unit compared to other patients in their 
immediate environment has revealed some cross-contami- 
nation by direct contact from personnel carriers. A typ- 
ical study performed in the intensive care unit where 
four patients with severe burns were being treated simul- 
taneously is demonstrated in Table 2. Patient A devel- 
oped wound contamination and infection with Pseudo- 
monas on 2/26 and had the organism again recovered 
on 2/27. Patient B in the Intensive Care Unit developed 
this same Pseudomonas on 2/28. It was also recovered 
from this patient's wounds on 3/1, 3/4, and 3/5. Patient 
C developed the Pseudomonas contamination on the 
burn wound on 3/1/71, and patient D (housed in the 
CRS unit) was the last of the group to develop con- 
tamination of the burn wound from this Pseudomonas 
isolate on 3/5. The organisms appear to be transferred 
from one patient to another. The unidirectional flow unit 
seemed to delay this direct cross-contamination but did 
not prevent it. There was an eventual break in technic 
causing contamination and seeding of this Pseudomonas 





Discussion 

Experience to date in comparing trauma patients 
treated in the complete barrier isolation system and the 
unidirectional flow CRS unit has led us to the following 
opinions and conclusions. The complete barrier isolation 
of the Snyder Unit affords total isolation from exogenous 
bacteria, ‘but allows for the gradual rise in air contami- 
nation within the unit by the patient's own endogenous 
bacteria. Activity within the unit causes a great particu- 
late rise and after a period of time in the isolator this 
particulate rise is accompanied bv a large number of 
bacteria. The longer the patient is in the isolator the 
greater this build up of bacteria of endogenous bacteria 
becomes. These bacterial isolates have consistently been 
those that have originated from the patient. It becomes 
immediately apparent to those caring for the burned or 
otherwise traumatized patient within the complete bar- 
rier isolation system that greatly increased support is 
necessary from the Nursing Service, Medical Service, 
Central Supply, and Dietary Service, Pharmacy, and 
other divisions and departments in the hospital. This in- 
creased demand on the time of so many personnel in- 
volved in caring for sick patients makes the complete 
barrier isolation impractical for widespread use, although 
it does afford clinical research tool. This type of isolator 
also places an obstacle between the patients and those 
caring for him and may in some cases hinder the care 
of the severely injured patient. Those patients better able 
to care for themselves, such as leukemia patients under- 
going chemotherapy, do not present as great a care prob- 
lem when they are treated in a complete barrier isola- 
tion unit. 

The unidirectional air flow unit (CRS) prevents air 
cross-contamination of the patient from other patients or 
personnel, The air within the unit remains free of bac- 


teria and keeps the patients’ environment free of exoge-* 


nous and endogenous bacteria. Activity within the CRS 
unit did not increase the particulate count in the air. 
This tvpe of unit is acceptable to the patient and to the 
personnel caring for him since only minimal increase in 
effort is necessary to care for these patients. However, 


! 
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breaks in technic do occur and on occasion there will be 
personnel contact with the patient without proper pre- 
cautions allowing for direct contact spread of exogenous 
bacteria to the traumatized patient. The establishment 
of specialized areas on the trauma ward for the care of 
patients in CRS units increases the awareness of the 
nursing and supporting personnel to the reverse isola- 
tion procedures and decreases the number of “breaks” 
in technic. Since the number of severely burned patients 
treated in the Isolation Units was small, no conclusions 
could be reached as to the effect of this form of therapy 
on mortality rates. 


Summary 


A 5-year experience with complete barrier isolation 
and a shorter experience with unidirectional flow isola- 
tors has been compared from several aspects. The basic 
objectives of patient isolators relating to burn and trauma 
patients as well as a description of the isolators that were 
used in this study has been presented. 

Bacteriologic data from the patients and their environ- 
ment within the isolator have shown that complete bar- 
rier isolation affords total exclusion of exogenous bac- 
teria, but allows for a gradual rise in the air levels of the 
patients own endogenous flora. The unidirectional air 
flow unit (CRS) prevents air cross-contamination and 
keeps the air within the unit free of bacteria, both exoge- 
nous and endogenous. Activity within the complete bar- 
rier isolation unit causes a great particulate rise. The 
longer the period of time a patient is in the isolator the 
more this particulate rise is accompanied by a large rise 
in the number of bacteria in the unit. Activity within the 
CRS unit causes no rise in air-borne bacteria. The uni- 
directional flow unit, however, is susceptible to breaks 
in isolation technic, and personnel contact does occur 
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causing direct spread of exogenous bacteria from one 
traumatized patient to another. 

Severely injured patients can be treated in the barrier 
isolation system but it requires a great increase in the 
amount of support necessary from medical personnel, 
nursing service, central supply, etc. and may result in 
deficiencies in patient care. The CRS unidirectional flow 
unit causes only minimal increase and effort compared 
to the barrier isolation system. A unidirectional flow sys- 
tem would seem to be of practical value in caring for 
burned patients whereas the value of the complete isola- 
tion unit seems limited to clinical research problems. 
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Radical Correction of Single Ventricle in Experimental Model: 


EPLACEMENT of the interventricular septum has been 
R shown to be technically feasible* and we have 
found no significant effect on cardiac function, In these 
previous studies the tricuspid valve also was replaced 
with a prosthetic valve because the chordae tendineae 
for the tricuspid valve originate from the septum. 
Death in some long-term survivors was related to 
problems associated with the tricuspid prosthesis— 
that is, overgrowth of pannus onto the valve with or 
without infection of the prosthetic septum. In the 
present study in dogs, the function of the heart was 
evaluated after the interventricular septum was re- 
placed with a Teflon felt patch but the tricuspid valve 
was repaired; the function of these hearts was com- 
pared with the function of hearts in which both the 
interventricular septum and the tricuspid valve were 
replaced. 


. Materials and Methods 
Twenty-six dogs, weighing 16 to 29.6 Kg., were used. 


Each was anesthetized by intravenous administration 
of sodium pentobarbital (Pentobrocanol 30 mg./Kg.) 
and the chest was opened through the right fifth in- 
tercostal space. With extracorporeal circulation, the 
interventricular septum was resected through an atri- 
otomy which extended from the right atrial appendage 
to near the ostium of the coronary sinus. The septum 
was resected at the free ventricular wall and along the 
crista supraventricularis and the atrioventricular valves. 
The heart was paced at 120 beats/min with an im- 
planted pacemaker (Implantable Cardiac Pulse Gen- 
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erator, Medtronic, Inc.). Stitches for the new septum 
on the free ventricular wall were tied outside the 
right ventricle. 

In 14 dogs (group 1) the resected septum was used 
as a pattern for preparing a patch identical to the 
right ventricular side of the resected septum in area 
and shape. The patch was sutured at the center line 
of the rim of the resected septum along the free ven- 
tricular wall. Along the crista supraventricularis and 
atrioventricular annulus, the patch was sewn on the 
right ventricular side of the septal rim in seven dogs 
(group 1-A), on the left ventricular side in one dog 
(group 1-B*, and along the left edge of the rim in six 
dogs (group 1-C), The tricuspid valve was replaced 
with a prosthesis in all dogs of group 1. 

In 12 dogs (group 2), the septal defect of the heart 
was used as a pattern for the patch. Because the area 
of the septal defect was larger than the area of the 
right ventricular side of the resected septum, the 
patch was made 20% shorter than the septal defect 
in the apex-base axis. It was sewn at the center line 
of the septal rim of the free wall and on the right ven- 
tricular side along the crista supraventricularis and the 
annulus of the atrioventricular valves. The tricuspid 
valve was not excised and replaced, but rather the 
papillary muscles for the anterior and posterior leaf- 
lets of the tricuspid valve' were reattached to the 
prosthetic septum. The septal leaflet was fixed in its 
closed position by placing pledgets under the leaflet, 
because it seemed impossible to reattach its numerous 
chordae tendinae to produce a movable leaflet. 

Single doses of lidocaine (Xylocaine), 40 mg., and 
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deslanoside (Cedilanid-D), 1.2 to 1.6 mg., were given 
immediately after bypass. No further medication was 
given except antibiotics (1,200,000 units of benzathine 
penicillin G once and 1.0 Gm. of streptomycin daily 
for 10 days). Anticoagulant (2.5 mg. of sodium war- 
farin daily) was given only in group 1 during the fol- 
low-up period. 

In group 2 an indwelling catheter, inserted in the 
abdominal aorta through the femoral artery, was used 
for withdrawing blood for dye curves. Five milligrams 
of indocyanine green was injected through the central 
venous catheter. Cardiac output and shunt around the 
patch were determined at 2 hours after operation. The 
central venous pressure was maintained at 10 mm. Hg 
by transfusions. 

For late study of cardiac performance, dogs were 
anesthetized with morphine sulfate (2.5 mg./Kg. 
intramuscularly) and sodium pentobarbital (15 mg./ 
Kg. intravenously). Lehman catheters (6-F, 80 cm. 
long) with bird's-eye tips were placed in the right 
atrium and ventricle through the external jugular vein. 
A Teflon catheter (6-F) with bird's-eye tip was intro- 
duced into the left atrium, either transseptally (dogs 
1, 2, 3, 4, 5, and 8) or through the mitral valve via the 
left ventricle (dogs 6, 7, and 9). A S0-cm. Rodriguez 
catheter (7-F) was introduced into the carotid artery 
and advanced into the left ventricle. A Lehman cath- 
eter (5-F, 85 cm.) and a Teflon catheter (5-F, 25 
cm.) were placed in the ascending aorta and the fem- 
oral artery, respectively. 

All the catheters were connected to Statham P23Dd 
and P23G strain gauges with three-way stopcocks, and 
all the tracings were simultaneously recorded by pho- 
tographically recording galvanometers. Roentgen video- 
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angiocardiograms were recorded before, during, and 
after injection of 8 ml. of 69% meglumine and sodium 
diatrizoate (Renovist). 

At death (spontaneously or by design) of each dog, 
competency of the mitral valve was determined by in- 
jecting water under pressure through a stab wound at 
the left ventricular apex. 

A long-term survivor was defined as a dog surviving 
longer than 1 month after replacement of the septum. 

The presence cf mitral regurgitation was deter- 
mined by a high V-wave in the left atrial pressure curve 
or regurgitation of contrast material from the left ven- 
tricle to the left atrium on video-angiocardiography. 
Mitral regurgitation was graded as mild (+) when a 
jet of regurgitating contrast material was present but 
the outline of the left atrium was not seen clearly and 
as severe (3+) when the outline of the left atrium 
was well defined. A moderate degree (2+) was in- 
termediate. 

The criterion for mitral stenosis was a pressure 
gradient between the left ventricle and the left atrium 
determined at the end-diastolic phase (heart rate 
was 120 beats/mir since the heart was paced with a 
fixed-type pacemaker). 


Results 


In group 1-A, four of the seven dogs survived longer 
than 1 month (38 to 115 days postoperatively). The 
one dog in group 1-B survived for 138 days postopera- 
tively. One of the six dogs in group 1-C survived for 
more than 1 month and is still alive. Thus, in group 1 
eight of 14 dogs failed to survive for the first 5 post- 
operative days. 

Two of the 12 dogs in group 2 were excluded be- 

















TABLE 1. Summary of Data in Long-Term Survivors in Group 1 (Interveniricular — and Tricuspid Valve Replaced) 
1-A LC. 
Mean, 
Dog 1 ] Dog 2 x Dog 3 [ Dog 4 Dog 5 Dog 6 6 dogs 

Body weight (Kg.) 23.0 23.5 23.8 26.0 Be 25.5 24.1 
Resected septum P 

Wt. (Gm.) 5.3 7.8 10.6 11.9 9.2 14.4 9.9 

Septal wt./body wt. 0.00023 0.00033 0.00045 0.00046 0.00040 0.00056 0.00041 

Area (cm?)* ated — 8.8 11.0 7.5 11.3 9.7 
Postop. day 19 38 15 13 38 28 25 
Aortic pressure 

(mm. Hg) 120/85 120/80 120/90 120/100 120/100 120/70 120/88 
LVEDP (cm H;O) T 5 5 10 10 10 7.8 
RV (cm H.0) 37/0 35/0 33/0 35/0 17/0 37/0 32/0 
LA, V-wave (cm HO) ©- 17 15 16 20 Pare 20 18 
RA (cm H;0) : 22/17 10/—10 15/5 10/5 35/0 18/2 
Cardiac output : : i 

ml./Kg./min.) 76 141 78 88 143 124 108 
Mitral valve 

Insufficiencyt ++ — — 4 — 

Stenosis (gradient, cm H;0) 1 1 3 7 0 





* Of right ventricular side of resected septum, which is equal to area of patch. 


t ++ = moderate; + = slight; —.= none. 
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TABLE 2. Summary of Data in Long-Term Survivors in Group 2 
(Interventricular Septum Replaced and Tricuspid Valve Repaired) 
Mean, 
Dog 7 Dog 8 Dog 9 3 dogs 
Body weight (Kg.) 20.5 24.0 17.0 20.5 
Resected septum 
Weight (Gm.) 10.9 13:7 11.0 11.9 
Septal wt./body wt. 0.00053 0.00057 0.00065 0.00058 
Area (cm?)* 8.4 10.5 8.9 9.3 
Area of patch (cm?) 9.6 10.5 8.9 9.7 
Postop. day 22 22 14 19 
Aortic pressure (mm. Hg) 140/80 120/100 — 130/80 130/87 
LVEDP (cm H:O) 15 16 23 18 
RV (cm H;O) 50/—5 35/0 55/0 $7/—2 
LA, V-wave (cm H:0) 25 40 35 33 
RA (cm H30) 35/—5 20/0 15/0 23/ —2 


Cardiac output 
(ml./Kg./min.) 126 86 145 119 
Mitral valvet 





Insufficiency +++ ++ asel 
Stenosis =i = * 

* Of right ventricular side of resected septum. 

+ +++ = severe; ++ = moderate; — = none. 


cause a shunt was found by dye-curve after operation 
in 1 and operative failure occurred in the other. Three 
dogs survived for more than 1 month. 

In group 1, the mean body weight of the short-term 
survivors was 21.8 Kg. (range, 18.0 to 25.0 Kg.) and 
the mean weight of the resected septum was 89 
Gm. (range, 8.0 to 13.1 Gm.). The ratio of mean weight 





Fig: 1; 


Left ventriculogram (dog 7), showing severe degree 
of regurgitation at 22 days postoperatively. Contrast material 
was injected into left ventricle. 
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Fic. 2. Mitral valve of dog (No. 9) which died of infection 
1 month after operation. During study of cardiac performance 
(14 days postoperatively), severe mitral regurgitation had been 
demonstrated by ventuculography. 


of resected septum to mean body weight was 0.00041. 
Data for the long-term survivors are shown in Table 1. 

In group 2, the mean weights of the body and the 
resected septum in the seven short-term survivors 
were 22.8 Kg. (range, 20.0 to 25.0 Kg.) and 9.8 Gm. 
(range, 7.3 to 12.3 Gm.), respectively; the mean 
septum weight/body weight ratio was 0.00043. Data 
for the long-term survivors are shown in Table 2. The 
area of the patch, which was designed on the basis of 
the septal defect in the heart, was equal to that of the 
resected septum in two dogs and was 147 larger in 
one. 

In regard to cardiac performance, in group 1, left 
ventricular end-diastolic pressure. (LVEDP) was as 
high as 10 cm H.O (Table 1). Pressure in the right 
atrium was slightly increased but pressures in the right 
ventricle and the left atrium were normal. Slight to 
mild mitral insufficiency was noted in two of the six 
dogs; slight mitral stenosis was present in two dogs. 

In group 2, LVEDP and left atrial V-wave were 
increased. (Table 2). In all dogs, moderate to severe 
mitral insufficiency was demonstrated by video-angi* 
ocardiography (Fig. 1). Mitral stenosis was not pres- 
ent. Pressures in the right atrium and ventricle were 
higher than those in group 1. 

Of the six long-term survivors in group 1, one dog is 
still alive, two died of infection of the patch and the 
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prosthesis (beta hemolytic streptococcus in dog 3 and 
beta hemolytic streptococcus and Escherichia coli in 
dog 4), and one (dog 1) died as a result of tissue 
growing into and obstructing the prosthesis. Two dogs 
died, before or after the postoperative study, probably 
as a result of the anesthesia; in one of these, residual 
empyema was found on autopsy (dog 5). 

One of the long-term survivors in group 2 
to infection 1 month after operation (dog 9). 
others are still alive (4 months). 

All of the dogs which died, including long-term 
and short-term survivors, were autopsied, and the 
mitral valve and the inserted septa were examined. 

Each of the mitral valves, including that of dog 9 
(Fig. 2), was normal in gross anatomy and competent 
under pressurized water. 

Tricuspid insufficiency was present in all dogs stud- 
ied (Fig. 3). 


succumbed 
The two 


Discussion 

The only significant difference in the results between 
those dogs in which the tricuspid valve was replaced 
with a prosthetic valve (group 1) and those in which 
an attempt was made to reconstruct the tricuspid valve 
(group 2) was the uniform presence of significant 
mitral insufficiency in the latter group. Although this 
did not alter the cardiac output, it did cause increases 
of left atrial V-wave, right ventricular pressure, and 
LVEDP in group 2 animals; these parameters were 
normal in the animals of group 1. 

There was no consistent relationship between the 
ratio of weight of resected specimen to body weight 
and the occurrence of mitral insufficiency. Also, in all 
autopsied animals there was no anatomic der range- 
ment of the mitral valve, and it was competent when 
tested statically in the intact ventricle. The presence 
of mitral insufficiency in animals not receiving a 
prosthetic tricuspid valvular replacement therefore 
probably is explained on the basis of instability of the 
mitral annulus at its septal attachments. 

It is becoming increasingly clear that functional in- 
tegrity of the mitral valve is dependent not only on 
the inherent anatomic normalcy of the valve but also 
on the proper dynamics of left ventricular contraction, 
Mitral insufficiency can result from certain myocardial 
infarctions which have not altered the structure of 
the mitral valve itself. Vandenberg and associates ? 
reported that ventriculogenic closure of the mitral 
valve was improved when myocardial contractility was 
potentiated and impaired when contractility was de- 
pressed. It also has been noted ? that the atrioventricu- 
lar ring has been incorporated functionally as a part 
of the mitral valve. The atrioventricular ring is also 
a part of the fibrous skeleton of the heart and contin- 
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Fic, 3. Right ventriculogram (dog 7), showing moderate tricuspid 
regurgitation. Contrast material was injected into right ventricle. 


uous with the atrial and ventricular wall)? It thus 
seems plausible that replacement of the interventricu- 
lar septum with an akinetic prosthetic septum would 
derange normal left ventricular dynamics and result in 
nütral. insufficiency. This insufficiency is somehow pre- 
vented or ameliorated by the stability given the mitral 
annulus by the presence ofa prosthetic tricuspid valve. 

The only significant difference between the results 
among the subgroups of the animals of group 1 was 
with respect to the lower survival rate among the ani- 
mals in which the prosthetic septum was attached 
along the left edge of the rim of the resected septum 
(group 1-C). The importance of the position of the 
prosthetic septum, with the consequent influence on 
relative size of the two ventricular chambers, and the 
influence of the size and configuration of the patch are 
being studied. 


Summary 


In 26 dogs the interventricular septum was replaced 
with a patch of Teflon felt. In addition, the tricuspid 
valve was replaced with a prosthesis in 14 dogs ( group 
1) and repaired in 12 dogs ( group 2). 

Six dogs of group 1 and three of group 2 survived 
more than 1 month. Among these long-term survivors, 
cardiac function was nearly normal in group 1 but 
was compromised as a result of mitral insufficiency in 
group 2. The mitral insufficiency probably was caused 
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by instability of the septal segment of the mitral an- 
nulus. 
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Book Review 


Biological Tissue in Heart Valve Replacement, M. I. 
Ionescu, D. N. Ross, and G. H. Wooler, eds., London, 
Butterworths, 925 pages, 1972, $75.00. 


Wiruin the past decade a staggering amount of effort 
has been devoted to the development and use of pros- 
thetic cardiac valves. This work has been broadly divided 
into development of valves constructed of prosthetic 
materials and those in which biological tissue has been 
employed. 

The editors of the present text are leaders in the field 
and each has made numerous contributions, particularly 
in the use of biological tissues in heart valve replace- 
ment. In this monograph of more than 900 pages, the 
authors have assembled nearly all the important data 
currently available on this subject. Appropriate atten- 
tion is given the experimental findings which have been 
of great importance in the development of this field. 
Pertinent topics include mechanics of blood flow, prin- 
ciples of tissue valve transplantation, biological aspects 


of homologous and heterologous aortic valves and in- 
duced autogenous tissue for cardiac valves. 

The clinical use of biological tissue in heart valve . 
replacement is carefully reviewed with discussions of 
homograft and heterograft aortic valve replacement, 
mounted mitral homografts, and technics of preserva- 
tion. Reconstruction of the outflow tract of the right 
ventricle in a variety of clinical situations is especially 
well presented. A final section deals with pathological 
aspects of transplantation of the various valves which 
have been implanted. 

This text is unusually well illustrated with a com- 
plete listing of the best references. It is a monograph 
which fills a distinct need, assembling as it.does in a 
single volume a large amount of pertinent data from 
multiple sources. There is little doubt that it-will serve 
as a future key reference for those working. in this 
important field. `} 


Davin C. SABISTON,. JR., M.D. 
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e 
antibiotic 
of first 

resort... 


In suspected or documented gram-negative sepsis, 
GARAMYCIN Injectable may be considered as initial 
therapy. 

* Effectiveness against 

the nosocomial problem pathogens of the 1970's 

* Proven clinical effectiveness 











e Risk of toxic reactions is low in patients with 
normal renal function who do not receive 
GARAMYCIN Injectable at higher doses or for 
longer periods of time than recommended 


e Effective against pathogens resistant to many 
commonly used antibiotics 


e Versatility and convenience of administration 
y 


Garemycin 
gefitamicin injectable 


Sulfat LM./LV. 
UlTOte VI. / LV. 

Each cc. contains gentamicin sulfate 
inje ion equivalent to 40 mg. gentamicin 


See Clinical Considerations section which follows... 






The antibiotic to start with... 


*[n suspected or documented gram-negative sepsis due to susceptible 
organisms, GARAMYCIN Injectable may be considered as initial therapy. The 
decision to continue therapy with this drug should be based on the results of 
susceptibility tests, the severity of the infection, and the important concepts 


contained in the Warning Box below. 


Anindispensable 
spectrum for today " 


GARAMYcCIN Injectable offers a high 
probability of effectiveness against virtually 
all of the gram-negative pathogens which 
are a growing cause of clinical concern. 


GARAMYCIN Injectable has also demonstrated 


striking activity against Proteus species, 
both indole-positive and indole-negative.? 





Note: 'The photomicrographs 
of gram-negative organisms 
reproduced here were obtained 
by a relatively new process 
employing a scanning beam 
electron microscope. The 
pathogens represented are 
Klebsiella pneumoniae, 
Escherichia coli, and Proteus 
mirabilis. The colors 

shown here are an artist’s 
representation. The 
magnification is 10,000X. 


Proven 
clinical efficacy 


GaRAMYCIN Injectable may be lifesaving 

in septicemia... may give a dramatic 
response in wounds and burns complicated 
by sepsis. GARAMYCIN Injectable has also 
demonstrated outstanding results in serious 
gram-negative infections other than sepsis, 
such as serious respiratory infections and 
selected urinary tract infections. To date, 
GARAMYCIN Injectable has been the subject 
of more than 1,500 published papers and 

12 international symposia. 
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WARNING: Patients treated with , 
GARAM YCIN Injectable should be under 
close clinical observation because of the 
potential toxicity associated with the 
use of this drug. 

Ototoxicity, both vestibular and 
auditory, can occur in patients, primarily 
those with pre-existing renal damage, 
treated with GARAMYCIN Injectable, 
usually for longer periods or with higher 
doses than recommended. 

GARAMYCIN Injectable is potentially 


Y 
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The antibiotic to stay with 


A high degree of Relatively low incidence 
sensitivity maintained" ^ ofadversereactions'"" 


Bacterial resistance to GARAMYCIN As with certain other aminoglycoside 
Injectable has not been a problem to date. antibiotics, ototoxicity (primarily 
In the laboratory, resistance has been vestibular with gentamicin) and potential 
demonstrated to develop slowly in nephrotoxicity are risks of therapy. 
stepwise fashion. No one-step mutations to Adverse effects on both vestibular and 
high resistance have been reported. One auditory branches of the eighth nerve have 
investigator noted: “In the experience so been reported in patients on high dosage 
far with [gentamicin], which is 7 or 8 and/or prolonged therapy. 
years, in centers where it's been restricted In contrast to kanamycin, neomycin, and 
to parenteral use, resistance has not streptomycin, which primarily cause 
appreciably changed.’’'* Another authority deafness or difficulties in the auditory end 
"'... found very little emergence of organs of the eighth nerve, gentamicin 
resistance" during eight years of use.’ primarily causes labyrinthian dysfunction." 
In a survey of published studies on This dysfunction, manifested by dizziness 
resistance to gentamicin, Weinstein and (not deafness) has, in most cases, been 
co-workers! report little change in transitory. 
bacterial sensitivity since 1963 in the As to nephrotoxicity, according to 
percentage of sensitive strains. In vitro Finland,’ “as in the case of kanamycin, the 
sensitivity was determined in all cases by nephrotoxicity was found to be largely 
the tube- ‘potential,’ and very little if any has been 
dilution encountered except with obviously 
method. excessive doses or in patients with already 


damaged kidneys." 


Garamycin 
gefitamicin injectable 


in ection Each cc. contains gentamicin sulfate 
equivalent to 40 mg. gentamicin 





nephrotoxic, and this should be kept in dosage adjustments or discontinuance of cephaloridine, viomycin, polymyxin B, 
mind when it is used in patients with the drug. and polymyxin E (colistin), should be 
pre-existing renal impairment. In event of overdose or toxic reactions, avoided. 

Monitoring of renal and eighth nerve peritoneal dialysis or hemodialysis will aid The concurrent use of gentamicin 
function is recommended during therapy in removal of gentamicin from the blood. with potent diuretics should be avoided, 
of patients with known impairment of Serum concentrations should be since certain diuretics by themselves may 
renal function. This testing is also monitored when feasible and prolonged cause ototoxicity. In addition, when 
recommended in patients with normal concentrations above 12 mcg./ml. should administered intravenously, diuretics may 
renal function at onset of therapy who be avoided. cause a rise in gentamicin serum level 
develop evidence of nitrogen retention Concurrent use of other neurotoxic and potentiate neurotoxicity. 
(increasing BUN, NPN, creatinine or and/or nephrotoxic drugs, particularly Usage in Pregnancy: Safety for use in 
oliguria). Evidence of ototoxicity requires streptomycin, neomycin, kanamycin, pregnancy has not been established. 





See Clinical Considerations section which follows... 


When preculture signs point to 
gram-negative sepsis... 


Garamycin? Injectable 

brand of gentamicin sulfate U.S.P., injection 40 mg./cc. 

Each cc. contains gentamicin sulfate equivalent to 40 mg. gentamicin 
For Parenteral Administration 


WARNING: Patients treated with GARAMYCIN Injectable should be 
under close clinical observation because of the potential toxicity 
associated with the use of this drug. 

Ototoxicity, both vestibular and auditory, can occur in patients, 
primarily those with pre-existing renal damage, treated with GARA- 
MYCIN Injectable, usually for longer periods or with higher doses 
than recommended. 

GARAMYCIN Injectable is potentially nephrotoxic, and this should 
be kept in mind when it is used in patients with pre-existing renal 
impairment. 

Monitoring of renal and eighth nerve function is recommended 
during therapy of patients with known impairment of renal function. 
This testing is also recommended in patients with normal renal func- 
tion at onset of therapy who develop evidence of nitrogen retention 
(increasing BUN, NPN, creatinine or oliguria). Evidence of ototoxicity 
requires dosage adjustments or discontinuance of the drug. 

In event of overdose or toxic reactions, peritoneal dialysis or 
hemodialysis will aid in removal of gentamicin from the blood. 

Serum concentrations should be monitored when feasible and pro- 
longed concentrations above 12 mcg./ml. should be avoided. 

Concurrent use of other neurotoxic and/or nephrotoxic drugs, par- 
ticularly streptomycin, neomycin, kanamycin, cephaloridine, viomycin, 
polymyxin B, and polymyxin E (colistin), should be avoided. 

The concurrent use of gentamicin with potent diuretics should be 
avoided, since certain diuretics by themselves may cause toxicity. In 
addition, when administered intravenously, diuretics may cause a rise 
in gentamicin serum level and potentiate neurotoxicity. 

USAGE IN PREGNANCY Safety for use in pregnancy has not been 
established. 


INDICATIONS GARAMYCIN Injectable is indicated, with due regard for 
relative toxicity of antibiotics, in the treatment of serious infections 
caused by susceptible strains of the following microorganisms: 

Pseudomonas aeruginosa, Proteus species (indole-positive and indole- 
negative), Escherichia coli and Klebsiella-Enterobacter-Serratia species. 

Clinical studies have shown GARAMYCIN Injectable to be effective in 
septicemia and serious infections of the central nervous system (menin- 
gitis), urinary tract, respiratory tract, gastrointestinal tract, skin and soft 
tissue (including burns). 

Bacteriologic tests to determine the causative organisms and their sus- 
ceptibility to gentamicin should be performed. 

Bacterial resistance to gentamicin develops slowly in stepwise fashion; 
there have been no one-step mutations to high resistance. 

In suspected or documented gram-negative sepsis, GARAMYCIN may be 
considered as initial therapy. The decision to continue therapy with this 
drug should be based on the results of susceptibility tests, the severity of 
the infection, and the important additional concepts contained in the 
"Warning Box." In the neonate with suspected sepsis or staphylococ- 
cal pneumonia, a penicillin type drug is usually indicated as concomitant 
antimicrobial therapy. 

GARAMYCIN Injectable has been shown to be effective in serious staph- 
ylococcal infections. It may be considered in those infections when peni- 
cillins or other less potentially toxic drugs are contraindicated and 
bacterial susceptibility testing and clinical judgment indicate its use. 
CONTRAINDICATIONS A history of hypersensitivity to gentamicin is a 
contraindication to its use. 

WARNINGS (See "Warning Box.") 

PRECAUTIONS Neuromuscular blockade and respiratory paralysis have 
been reported in the cat receiving high doses (40 mg./kg.) of gentamicin. 
The possibility of these phenomena occurring in man should be considered 
if gentamicin is administered to patients receiving neuromuscular block- 
ing agents such as succinylcholine and tubocurarine. 

Treatment with gentamicin may result in overgrowth of nonsusceptible 
organisms. If this occurs, appropriate therapy is indicated. 

ADVERSE REACTIONS 

Nephrotoxicity: Adverse renal effects, as demonstrated by rising BUN, 
NPN, serum creatinine and oliguria, have been reported. They occur more 
frequently in patients with a history of renal impairment treated with 
larger than recommended dosage. 

Neurotoxicity: Adverse effects on both vestibular and auditory branches 
of the eighth nerve have been reported in patients on high dosage and/or 
prolonged therapy. Symptoms include dizziness, vertigo, tinnitus, roaring 
in the ears and hearing loss. 

Numbness, skin tingling, muscle twitching, and convulsions have also 
been reported. 

Note: The risk of toxic reactions is low in patients with normal renal 
function who do not receive GARAMYCIN Injectable at higher doses or for 
longer periods of time than recommended. 

Other reported adverse reactions, possibly related to gentamicin, include 
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increased serum transaminase (SGOT, SGPT), 
increased serum bilirubin, transient hepatomegaly, 
decreased serum calcium; splenomegaly, anemia, 
increased and decreased reticulocyte counts, granulocytopenia, thrombo- 
cytopenia, purpura; fever, rash, itching, urticaria, generalized burning, 
joint pain, laryngeal edema; nausea, vomiting, headache, increased saliva- 
tion, lethargy and decreased appetite, weight loss, pulmonary fibrosis, 
hypotension and hypertension. 
DOSAGE AND ADMINISTRATION GARAMYCIN Injectable may be given intra- 
muscularly or intravenously. 
For Intramuscular Administration: 

PATIENTS WITH NORMAL RENAL FUNCTION* 

Adults: The recommended dosage for GARAMYCIN Injectable for patients 
with serious infections and normal renal function is 3 mg./kg./day, admin- 
istered in three equal doses every 8 hours. 

For patients weighing over 60 kg. (132 Ib), the usual dosage is 80 mg. 
(2 cc.) three times daily. For patients weighing 60 kg. (132 Ib.) or less, the 
usual dose is 60 mg. (1.5 cc.) three times daily. 

In patients with life-threatening infections, dosages up to 5 mg./kg./ day 
may be administered in three or four equal doses. This dosage should be 
reduced to 3 mg./kg./day as soon as clinically indicated. 

*In children and infants, the newborn, and patients with impaired renal 
function, dosage must be adjusted in accordance with instructions set 
forth in the Package Insert. 

For Intravenous Administration: 

The intravenous administration of GARAMYCIN Injectable is recom- 
mended in those circumstances when the intramuscular route is not feasi- 
ble (e.g., patients in shock, with hematologic disorders, with severe burns, 
or with reduced muscle mass). 

For intravenous administration, in adults, a single dose of GARAMYCIN 
Injectable may be diluted in 100 or 200 cc. of sterile normal saline or in 
a sterile solution of dextrose 5% in water; in infants and children, the 
volume of diluent should be less. The concentration of gentamicin in solu- 
tion, in both instances should normally not exceed 1 mg./cc. (0.1%). The 
solution is infused over a period of 1 to 2 hours. 

The recommended dose for intravenous administration is identical to 
that recommended for intramuscular use. 

GARAMYCIN Injectable should not be physically pre-mixed with other 
drugs, but should be administered separately in accordance with the rec- 
ommended route of administration and dosage schedule. 

HOW SUPPLIED GARAMYCIN Injectable, 40 mg. per cc., 2 cc. multiple- 
dose vials for parenteral administration. 

Also available, GARAMYCIN Pediatric Injectable, 10 mg. per cc., 2 cc. 
multiple-dose vials for parenteral administration. APRIL, 1972 

AHFS Category 8:12.28 
For more complete prescribing details, consult Package Insert or Physi- 
cians' Desk Reference. SM literature is also available from your 
Schering Representative or Professional Services Department, Schering 
Corporation, Kenilworth, New Jersey 07033. 
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and the patient's condition 
warrants LV. antibiotic therapy... 


Introducing 


VibramycinlV. 
i YCIN EV. 
a semi-synthetic tetracycline hyclate 


(doxycycline hyclate 

for injection) x 

The once-a-day intravenous ^ 
antibiotic well-suited 


forthefirsthours of many < 
bacterial | infections <= 





LABORATORIES DIVISION 


PFIZER INC 





1. 
Effective in a wide range of 
Lh .  surgicalsituations 
- I acluding bowel infections, peritor itis 
pyelonephritis, cholecystitis, 
prostatitis, cellulitis,abscesses, 
and wounds 


A WHEN CAUSED BY SUSCEPTIBLE* STRAINS OF THESE ORGANISMS 
Klebsiella pneumoniae,! Enterobacter aerogenes, 
Escherichia coli, Bacteroides, Staphylococcus: 


*Because not al | strains of pathogens are susceptible , it is recommended that routine culture and sensitivity studies be performed. 
TRespiratory and urin ary infections. 
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|‘ patients with laboratory indicat on: 
of impaired renal function 


3. 
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| serum activity will i 
* usually persist for 24 hours followinc 
once-a-day infusion 





See Brief Summary on following 
page for information on side effects, 


osage and contraindications. 
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mycin lV. 


A semi-synthetic tetracycline hyclate 


(doxycycline hyclate 
for injection): 


The once-a-day intravenous antibiotic well-suited 
for the first hours of many bacterial infections 


Vibramycin® Hyclate (doxycycline hyclate) and 

Vibramycin® Hyclate I.V. (doxycycline hyclate for injection) 

BRIEF SUMMARY 

Contraindicated: In persons hypersensitive to any of the tetracy- 
clines. 

Warnings: Use of tetracyclines during the last half of pregnancy, in- 
fancy and childhood to the age of 8 years may cause permanent 
discoloration of developing teeth. This is more common during 
long-term use of the tetracyclines but has been observed following 
repeated short-term courses. Enamel hypoplasia has also been re- 
ported. Thus, tetracyclines should not be used in this age group un- 
less other drugs are not likely to be effective or are contraindicated. 
Individuals receiving tetracycline antibiotics should be advised that 
direct sunlight or ultraviolet light can cause photosensitivity reac- 
tions. If these reactions (exaggerated sunburn) occur, discontinue 
therapy. Doxycycline forms a stable calcium complex in any bone- 
forming tissue. Fibula growth has been decreased in prematures 
given oral tetracyclines 25 mg./kg. q. 6 h., but this reaction was re- 
versible when the drug was discontinued. 

The antianabolic action of the tetracyclines may cause an in- 
crease in BUN. Studies to date indicate that this does not occur 
to a significant degree with the use of Vibramycin in patients with 
impaired renal function. 

Vibramycin Intravenous has not been studied in pregnant pa- 
tients. It should not be used in pregnant women unless, in the judg- 
ment of the physician, it is essential for the welfare of the patient. 

Animal studies indicate that tetracyclines cross the placenta, are 
found in fetal tissues and can have toxic effects on the developing 
fetus. Evidence of embryotoxicity has also been noted in animals 
treated early in pregnancy. 

The use of Vibramycin Intravenous in children under 8 years is 
not recommended because safe conditions for its use have not 
been established. 

Tetracyclines are present in the milk of lactating women who are 
taking a drug in this class. 

Precautions: Overgrowth of nonsusceptible organisms may occur, 
including fungi. If such superinfections are encountered, discon- 
tinue Vibramycin and institute appropriate therapy. 

In venereal disease when coexistent syphilis is suspected, a dark- 
field examination should be done before initiating therapy. Conduct 
monthly serological tests for at least 4 months. 

Because tetracyclines depress plasma prothrombin activity, pa- 
tients on anticoagulant therapy may require downward adjustment 
of their anticoagulant dosage. 

In long-term therapy, conduct periodic laboratory evaluation of 
organ systems, including hematopoietic, renal and hepatic. 

Treat all Group A beta-hemolytic streptococcal infections for at 
least 10 days. 

Avoid giving doxycycline with penicillin because of possible inter- 
ference with penicillin activity. 

Antacids containing aluminum, calcium, or magnesium impair 
absorption and should not be given concomitantly to patients taking 
oral Vibramycin. 

Adverse Reactions: Anorexia, nausea, vomiting, diarrhea, glossitis, 


dysphagia, enterocolitis, inflammatory lesions (with monilial over- 
growth) in the anogenital region, maculopapular and erythematous 

rashes, exfoliative dermatitis, photosensitivity, urticaria, angio- 
neurotic edema, anaphylaxis, anaphylactoid purpura, pericarditis, 
exacerbation of systemic lupus erythematosus, hemolytic anemia, 
thrombocytopenia, neutropenia and eosinophilia have been re- 
ported. Prolonged administration of tetracyclines may produce 

brown-black microscopic discoloration of thyroid glands. No ab- 
normalities of thyroid function studies are known to occur. Bulging 

fontanels have been reported in young infants on therapeutic dos- 
age but disappeared when the drug was discontinued. A dose- 
related rise in BUN has been reported. 

Oral Adult and Children’s Dosages: See the Vibramycin Oral pack- 
age insert for recommended dosage schedules for adults and 

children. 

Intravenous Dosage and Administration: Note: Rapid administration 

is to be avoided. Parenteral therapy is indicated only when oral 

therapy is not indicated. Oral therapy should be instituted as soon 

as possible. If intravenous therapy is given over prolonged periods 

of time, thrombophlebitis may result. 

The usual dosage and frequency of administration of Vibramycin 
I.V. (100-200 mg./day) differs from that of the other tetracyclines 
(1-2 Gm./day). Exceeding the recommended dosage may result in 
an increased incidence of side effects. 

Studies tc date have indicated that Vibramycin, at the usual rec- 

ommended doses, does not lead to excessive accumulation of the 
antibiotic in patients with renal impairment. 
Intravenous Adult Dosage: The usual dosage of Vibramycin I.V. is 
200 mg. on the first day of treatment administered in one or two in- 
fusions. Subsequent daily dosage is 100 to 200 mg. depending on 
the severity of infection, with 200 mg. administered in one or two 
infusions. 

In the treatment of primary and secondary syphilis, the recom- 
mended dosage is 300 mg. daily for at least 10 days. 

Intravenous Children’s Dosage: The recommended dosage schedule 
for children weighing 100 pounds or less is 2 mg./Ib. of body weight 
on the first day of treatment, administered in one or two infusions. 
Subsequent daily dosage is 1 to 2 mg./Ib. of body weight given as 
one or two infusions, depending on the severity of the infection. For 
children over 100 pounds the usual adult dose should be used. (See 
“Warning” Section for Usage in Children.) 

General: The duration of infusion may vary with the dose (100 to 
200 mg. per day), but is usually one to four hours. A recommended 
minimum infusion time for 100 mg. of a 0.5 mg./ml. solution is one 
hour. Desired concentrations of the final solution should be 0.2 
mg./ ml. to 0.5 mg./ml. Concentrations below 0.1 mg./ml. or above 
1.0 mg./ml. are not recommended. Therapy should be continued for 
at least 24-48 hours after symptoms and fever have subsided. The 
therapeutic antibacterial serum activity will usually persist for 24 
hours following recommended dosage. 

Intravenous solutions should not be injected intramuscularly nor 
subcutaneously. Caution should be taken to avoid the inadvertent 
introduction of the intravenous solution into the adjacent soft tissue. 

More detailed professional information available on request. 


For follow-up therapy/ Vibramycin hyciate Capsules 


(doxycycline hyclate) 


A semi-synthetic tetracycline 


LABORATORIES DIVISION 


Gm» 


PFIZER INC 


Capsules equivalent to 
50 mg. and 100 mg. doxycycline 
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APES Twenty years ago Beck and 
Collette reported that when cloth drapes - 
or gowns become wet, there is danger of 
contamination. Today, leaders in aseptic D 
EORNM techniques agree that wet cloth can Leo 
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ig In 1969, Dineen reported that 
Us wet — drapes allow bacteria to pass 
through the drape onto the sterile field. 
When a water-repellent material was used 
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real help in tissue approximation. 
The inert suture that glides so 
easily through tissue that pull-out 
is easy for you...easy on the patient. 


PROLENE 


TRADEMARK 


Polypropylene Suture 


A Leadership in Wound Repair 





unique mucoadhesive foam 


abetter way to 
medicate the mucosa 


after surgery 
Local steroid-analgesic therapy has not quite fulfilled its 
promise to proctology, because dosage forms often limit 
therapeutic success: conventional ointments and suppositories 
tend to under- or overshoot the most common operative sites— 
the anal canal and lower rectum.1-6 By assuring more thorough 
coverage of the definitive pathologic sites... 
Proctofoam-HC? offers greater promise of a short and 
pain-free postoperative period 
» better contact with the involved tissues;1-6 spreads evenly 
throughout the anal canal, rectal crypts, papillae, and 
hemorrhoidal sites 
e faster wound healing!-3.5 (212 to 3 weeks instead of an 
expected 312 to 4 weeks)5 
45) * less scar formation—wounds were more 
<> pliable, with clean, healthy-looking 
d granulating tissue!-3 
in postoperative therapy, . ⸗ e less edema, inflammation, swelling, itching, 
hemorrhoids, proctitis, d pain, and tenesmus! 3.56 
cryptitis, fissures, d e preferred by patients to other forms of 


and pruritus ani therapy'4.5 










Reed & Carnrick/ Kenilworth, N.J. 07033 


Proctofoam-HC 


antiinflammatory /antipruritic/ analgesic 

Each measured dose (approx. 6.5 ml.) delivers hydrocortisone acetate 
1%, pramoxine hydrochloride 1%, in a water-soluble, mucoadhesive 
foam base 
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^ NA j Ae 
in postoperative pix ap Í 
therapy, 
hemorrhoids, 
proctitis, 
cryptitis, 
_ fissures, 
4 and pruritus ani 


Proctofoam-HC 


Active Ingredients: Hydrocortisone acetate, 
1%, and pramoxine hydrochloride, 1%, in 


a mucoadhesive foam base. 

Indications: Temporary relief of anorectal AN NALS of S U RG E RY 
inflammation, pruritus, pain and swelling 
associated with hemorrhoids, proctitis, 
cryptitis, fissures, postoperative pain and ‘ 
pruritus ani. Now, your journals can become a hand- 
Contraindications: Abscess, extensive some addition to your professional library. 
fistulas or sinus tracts, tuberculosis, varicella, 
vaccinia or acute herpes simplex. 


PRESERVE and PROTECT 


YOUR COPIES OF 


Precautions: A complete rectal examination These file boxes are designed and cus- 
to rule out serious pathology should be com- $ j 
pleted before instituting therapy. Do not use tom made to : keep your copies orderly, 
on infected lesions unless accompanied by readily accessible and clean. 
antiinfective agents. Discontinue use if 
sensitivity develops. . , 

€ Caution: Do not insert any part of the aerosol 7 Durable book-binder s board covered 
container into the anus. Contents of the con- with scuff-resistant, washable Leathertex. 


tainer are under pressure, but not flammable. Lettering embossed in 23-Karat gold leaf 
Dosage: One applicatorful two or three times j 


daily and after each bowel evacuation. 
Perianally, apply as needed. 

How Supplied: In aerosol container providing 
15 Gms. of medication (approx. 25 appli- 
cations) with special rectal applicator and 
patient instructions. 

References: 1. Bernstein, l.: Surg. Dig. 4:23, 
Jan. 1969. 2. Sladek, W. R.: Scientific exhibit 
presented at 69th Annual Meeting of American 
Proctologic Society, Hollywood, Fla., April 
12-16, 1970. 3. Sladek, W. R.: Amer. J. Clin. 
Res. 1:33, Jan.-Feb. 1970. 4. O'Brien, J. R.: 





Jesse Jones Box Corp. (since 1843) 

Dep't. JBLA—Phila., Pa. 19141 

Gentlemen: Kindly send me: 

Reasonably priced, too. Only $4.25 ea. Q 
3 for $12.00 [] 6 for $22.00 Q 

Surg. Dig. 4:27, April 1969. 5. Miller, H.: 
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City/State/Zip 





Shipped postpaid U.S. only 
Satisfaction unconditionally guaranteed 
or your money back. 
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Ketalar 
(Ketamine HCI) 


Report 


One year of nationwide 
clinical use; one decade of 
research and development 
at Parke-Davis. A continu- 
ing program that has 

made KETALAR anesthesia 
a reality. 





In high-risk surgery, 
n added measure 
of safety 


KETALAR lessens surgical risk 
for many emergency and 
"poor-risk" patients. It often 
elevates blood pressure. It 
usually affects respiration 
minimally and leaves pro- 
ectivelaryngeal-pharyngeal 
reflexes intact. Airway pa- 
tency can usually be main- 
tained without intubation. 


> 


Progress 








In routine induction, 
a smooth, 
uncomplicated start 


KETALAR provides efficient 
induction for practically any 
anesthetic regimen and is ad- 
ministered I.M. or LV. which 
greatly simplifies the proce- 
dure for children and adults 


~ lalike. KETALAR is also clini- 





^. |cally compatible with com- 


monly used general anes- 


A thetics, pre- and postanes- 
; |thetic medications, includ- 


ing anticholinergics, muscle 








relaxants, and tranquilizers. 
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In short procedures, absence of tachyphylaxis 
more problems and organ/tissue accumula- 


tion is a definite plus in re- 
solved, fewer petitive procedures. Grow- 
created ing experience with 
KETALAR, as sole agent, KETALAR shows that emer- 
simplifies and improvesan- Bence reactions can be ef- 
esthesia in ahost of “prob-  |fectively reduced by allow- 
lem procedures.” It has ing patients to awaken 
proven to be especially valu- |Naturally with minimal ver- 
able in the management of  |balortactile stimulation, 
severe burn patients, and its. |and, where indicated, by 
rapid and profound anal- _ [employing agents such as 
gesic effect provides amajor {droperidol or diazepam. 
advantage in numerous "— 
painful diagnostic tests and |in pediatrics, anew 
short surgical procedures lera in anesthesia 
not requiring skeletal mus- 
cle relaxation. The virtual | KETALAR anesthesia repre- 
sents a milestone in the 
management of infants and 
children. It offers — for the 
first time — efficient general 
anesthesia by intramuscular 
injection. In terms of both 
efficacy and convenience, 
the clinical experience with 
KETALAR may qualify itin 
many instances as the agent 
of choice for pediatric 
4 anesthesia. 

fe | KETALAR UPDATE: 

Il | Now indicated for use in 
(J| | cardiac catheterization. 
Now available in new 
100 mg./ml., 5 ml. vials 
for IM use. 





See next page for prescribing information. 


advancement in KON Kētalar: 
anesthesiology 


(Ketamine HCl) 
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KETALAR (Ketamine Hydrochloride) 


SPECIAL NOTE: EMERGENCE REACTIONS HAVE OC- 
CURRED IN APPROXIMATELY 12 PER CENT OF PA- 
TIENTS. 

THE PSYCHOLOGICAL MANIFESTATIONS VARY IN SE- 
VERITY BETWEEN PLEASANT DREAM-LIKE STATES, 
VIVID IMAGERY, HALLUCINATIONS AND EMERGENCE 
DELIRIUM. IN SOME CASES THESE STATES HAVE BEEN 
ACCOMPANIED BY CONFUSION, EXCITEMENT, AND 
IRRATIONAL BEHAVIOR WHICH A FEW PATIENTS RE- 
CALL AS AN UNPLEASANT EXPERIENCE. THE DURA- 
| TION ORDINARILY LASTS NO MORE THAN A FEW 
HOURS; IN A FEW CASES, HOWEVER, RECURRENCES 
HAVE TAKEN PLACE UP TO 24 HOURS POSTOPERA- 
TIVELY. NO RESIDUAL PSYCHOLOCICAL EFFECTS ARE 
KNOWN TO HAVE RESULTED FROM USE OF KETALAR, 
THE INCIDENCE OF THESE EMERGENCE PHENOMENA 
IS LEAST IN THE YOUNG (15 YEARS OF AGE OR LESS) 
AND ELDERLY (OVER 65 YEARS OF AGE) PATIENT. 
ALSO, THEY ARE LESS FREQUENT WHEN THE DRUG 1S 
GIVEN INTRAMUSCULARLY. 

THESE REACTIONS MAY BE REDUCED IF VERBAL, TAC- 
TILE, AND VISUAL STIMULATION OF THE PATIENT IS 
MINIMIZED DURING THE RECOVERY PERIOD, THIS 
DOES NOT PRECLUDE THE MONITORING OF VITAL 
SIGNS. IN ADDITION, THE USE OF A SMALL HYP- 
NOTIC-DOSE OF A SHORT-ACTING OR ULTRASHORT- 
ACTING BARBITURATE OR OTHER AGENT SUCH AS 
DIAZEPAM MAY BE REQUIRED TO TERMINATE A 
SEVERE EMERGENCE REACTION. CERTAIN DRUGS 
SUCH AS DROPERIDOL OR DIAZEPAM INTRAMUS- 
CULARLY HAVE ALSO BEEN USED IN AN ATTEMPT 
TO REDUCE THE INCIDENCE OF EMERGENCE REAC- 
TIONS: SUFFICIENT DATA HAVE NOT YET BEEN 
ACCUMULATED TO CONSTITUTE THOROUGH DOC- 
UMENTATION. THE INCIDENCE OF EMERGENCE RE- 
ACTIONS IS REDUCED AS EXPERIENCE WITH THE 
DRUG IS GAINED. 

WHEN KETALAR IS USED ON AN GUTPATIENT BASIS, 
THE PATIENT SHOULD NOT BE RELEASED UNTIL RE- 
COVERY FROM ANESTHESIA 1$ COMPLETE AND THEN 
SHOULD BE ACCOMPANIED BY A RESPONSIBLE 
ADULT. 

INDICATIONS: Ketalar is recommended: 1. as the sole 
anesthetic agent for diagnostic and surgical procedures 
that do not require skeletal muscle relaxation. Ketalar 


*is best suited for short procedures but it can be used, . 


with additional doses, for longer procedures. 2. for the 

induction of anesthesia prior to the administration of 

other general anesthetic agents. 3. to supplement low- 
' potency agents, such as nitrous oxide, 


See package insert for full prescribing information. 


CONTRAINDICATIONS: Ketalar is contraindicated in 
persons in whom a significant elevation of blood pres- 
sure would constitute a serious hazard and those who 
have shown hypersensitivity to the drug. 

WARNINGS: Ketalar should be used by or under the 
direction of physicians experienced in administering 
general anesthetics and in maintenance of an airway 
and in the control of respiration. Cardiac function 
should be continually monitored during the procedure 
in patients found to have hypertension or cardiac de- 
compensation. Barbiturates and Ketalar should not be 
injected from the same syringe. Prolonged recovery 
time may occur if barbiturates and/or narcotics are 
used concurrently with Ketalar. Postoperative confu- 


le x] ie 


mineHCl) 
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sional states may occur during the recovery period. 
Respiratory depression may occur with over-dosage or 
too rapid a rate of administration of Ketalar in which 
case supportive ventilation should be employed. Me- 
chanical support of respiration is preferred to adminis- 
tration of analeptics. 


USAGE IN PREGNANCY: Since the safe use in preg- 
nancy, including obstetrics, has not been established, 
such use is not recommended. 


PRECAUTIONS: Because pharyngeal and laryngeal re- 
flexes are usually active, Ketalar should not be used 
alone in surgery or diagnostic procedures of the 
pharynx, larynx, or bronchial tree. Mechanical stimula- 
tion of the pharynx should be avoided, whenever pos- 
sible, if Ketalar is used alone. Muscle relaxants, with 
proper attention to respiration, may be required in both 
of these instances. Resuscitative equipment should be 
ready for use. The incidence of emergence reactions 
may be reduced if verbal and tactile stimulation of the 
patient is minimized during the recovery period. This . 
does not preclude the monitoring of vital signs (see 
Special Note). The intravenous dose should be admin- 
istered over a period of 60 seconds. More rapid admin- 
istration may result in respiratory depression or apnea 
and enhanced pressor response, In surgical procedures 
involving visceral pain pathways, Ketalar should be sup- 
plemented with an egent which obtunds visceral pain. 
Use with caution in the chronic alcoholic and the 
acutely alcohol-intoxicated patient. An increase in cere- 
brospinal fluid pressure has been reported following 
administration of ketamine hydrochloride. Use with ex- 
treme caution in patients with preanesthetic elevated 
cerebrospinal fluid pressure. 


ADVERSE REACTIONS: Cardiovascular: Blood pressure 
and pulse rate are frequently elevated following admin- 
istration of Ketalar. However, hypotension and brady- 
cardia have been observed. Arrhythmia has also 
occurred. 


Respiration: Although respiration is frequently stimu- 
lated; severe depression of respiration or apnea may 
occur following rapid’ intravenous administration of 
high doses of Ketalar. Laryngospasms and other forms 
of airway obstruction have occurred during Ketalar an- 
esthesia. 

Eye: Diplopia and nystagmus have been noted follow- 
ing Ketalar administration. It also may cause a slight 
elevation in intraocular pressure measurement. 
Psychological: (See Special Note). 

Neurological: In some patients, enhanced skeletal mus- 
cle tone may be manifested by tonic and clonic move- 


- ments sometimes resembling seizures. 


Gastrointestinal: Anorexia, nausea or vomiting have 
been observed; however this is not usually severe and 
allows the great majority of patients to take liquids by 
mouth shortly after regaining consciousness. ‘ 


General: Local pain and exanthema at the injection site 
have infrequently been reported. Transient erythema 
and/or morbilliform rash have also been reported. 


HOW SUPPLIED: Ketalar solutions containing the hy- 
drochloride in concentrations equivalent to ketamine 
base are available in 5, 10, 20, and 50 ml. vials. These 
vials contain 100, 5C, 10, and 10 mg./ml., respectively. 
Each vial is supplied individually and in cartons of 10. 

ae 


PARKE-DAVIS 


10274. PAGS 


PARKE, DAVIS & COMPANY Detroit. Michigan 48232 


The first definitive guide 
in one volume — 


REES & WOOD-SMITH: 


Cosmetic 
Facial Surgery 


/ A practical study of current clinical procedures that guides you, step by 
step, in otoplasty, blepharoplasty, face lift, rhinoplasty and other pro- 
cedures. Lucid text, line drawings, and pre- and postoperative photo- 
graphs facilitate maximum understanding of each technique. Variations, 
limitations, negative aspects, and methods to avoid are pointed out 
where applicable. Special chapters focus on dermabrasion, chemical 
face peeling, hair transplantation, silicone injection therapy, and prog- 
nathism. Psychological implications are explained in depth to aid in 
patient screening and procedural determination. 


By Thomas D. Rees, M.D., Clinical Associate Prof. of Surgery (Plastic Surgery), 
New York Univ. Medical School; and Donald Wood-Smith, M.D., Associate Clinical 
Prof. of Surgery (Plastic Surgery), New York Univ. Hospital. 6 contributors. About 
640 pp., 500 figs. (54 color). About $60. January. 


What makes 
a surgery text great? 


The name Davis-Christopher, for starters. 


Add to that Dr. David Sabiston, Jr., of Duke University, editor 
of the new 10th edition. Then add 140 surgical authorities 
like John Kinney, James Hardy, Marshall Orloff, Lloyd MacLean 
—men recognized as top experts on their subjects. Take its 
emphasis on the biological basis of surgery—with pertinent 
biochemistry, pathology, physiology and pharmacology in- 
corporated into each chapter. Consider timeliness, with arti- 
cles on homeostasis, computers, radioisotope techniques, and 
others reflecting modern surgical progress. Don't forget out- 
standing illustrations—close to 1500, garnered from the most 
explicit in the literature. Finally, consider the more than 2000 
pages that make this 10th edition of Davis-Christopher the 
most comprehensive surgical work available in one volume. 
Or two if you prefer. Either way, it earns its keep. 


W. B. SAUNDERS COMPANY 
West Washington Square, Philadelphia, Pa. 19105 
Please send and [] bill me: O Check enclosed— send postpaid 


O 7518—Rees & Wood-Smith— Cosmetic Facial Surgery—About $60 
[] 7865—Sabiston—Surgery 10—$27.50 O 7866-7—2-vol. set—$35 
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The Zimmer burn-therapy system 
- Brown Air Dermatome 
Meshgrait Il Dermatome: 


to complement your skills in 
meeting the life demands of 
this critical condition ` : 





Brown Air Dermatome: the precision air instrument of choice 
for smoohly and precisely obtaining split thickness skin grafts of 
uniform depth and width. This dependable instrument provides 
micrometer adjustment for graft thickness and an easily operated 
width selector. 

A convenient hand throttle and smooth operation facilitates 

your complete control of the Brown Air Dermatome during this 
demanding surgical procedure. 


Meshgraft II Dermatome: the unique instrument that accurately 
meshes skin grafts for expanded area coverage. 


21 days following Meshgraft therapy. Cut edge exposure is greatly increased for more rapid epitheliza- 
— tion. Take is enhanced by improved drainage and reduced fluid 
accumulation under the graft.'^ The flexibility of the Meshgraft 
allows it to more easily cover complex body contours. This is 
essential in those critical cases where patients lack sufficient 
jm donor areas.” Expansion ratios of 12:1, 3:1, 6:1, or 
9:1 are obtainable by selecting the appropriate, 
sterile Dermacarrier Il. 


Ask your Zimmer Representative for a demonstration of this burn- 
therapy system in your hospital. 


1. Tanner, J.C., Vandeput, J., and Olley, J.F.: The Mesh Skin Graft; Plastic. 
Reconst. Surg. 34:287, 1964. 

2. Tanner, J.C., Vandeput, J., and Bradley, W.H.: Two Years with Mesh Skin 
Grafting; Amer. J. Surg. 111:543, 1966. 


y / ZIMMER: USA 
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The people who really care 





NEW BOOKS for TODAY'S SURGEON 


Operative Surgery: Principles & Techniques-Nora 


Edited by PAUL F. Nora, M.D., Ph.D., Northwestern University Medical School, Chicago. 72 CONTRIBUTORS. xvii plus 1106 pages, 
814" x 11". 345 illustrations. New. 1972. $58.00. (ISBN: 0-8121-0277-0). 


This magnificently illustrated new book presents operative techniques in detail and includes the 
2 sound viewpoints and approaches of distinguished leaders in the surgical subspecialties, who repre- 
1 m sent a virtual "who's who" in surgery today. The combination of probing discussions of a traditional 
, text with elaborate, eloquent illustrations customarily found only in an atlas, makes Operative 
Surgery truly two books. in one! As Dr. Nora points out in his Preface, the depth of coverage is 
related to the complexity of the disease condition or procedure under discussion and the likely 

exposure of the reader to the situation. 





General Thoracic Surgery—Shields 


Edited and with Contributions by Tuomas W. SutELps, M.D., Northwestern University Medical School, Chicago. 57 CONTRIBUTORS. 
xxi plus 1007 pages, 7" x 10". 929 illustrations plus frontispiece in color. New. 1972. $45.00. (ISBN: 0-8121-0345-9). 
Today's general and thoracic surgeon must have greater knowledge than ever before of the non- 
1 surgical aspects of his art. For this reason, this volume presents a thorough, comprehensive overview 
6 of thoracic surgery in its entirety by covering not only practical surgical approaches, but anatomic 
? and physiologic features as well. Fifty-seven outstanding surgeons, physicians and scientists have 
contributed to the broad scope and coverage of this book. The practical approach to the subject and 
inclusion of modern techniques make General Thoracic Surgery an excellent reference for thoracic 
and general surgeons. 


Transplantation—Najarian & Simmons 


Edited by Jonn S. NAJARIAN, M.D.; and RicHanD L. Simmons, M.D.; University of Minnesota College of Medical Sciences, Minne- 
apolis. 54 CONTRIBUTORS. xiv plus 797 pages, 815" x 11". 465 illustrations on 301 figures. New. 1972. $48.50. (ISBN: 0-8121-0317-3). 


4 The first book to combine basic immunobiological information with practical clinical information, 
5 this is a totally comprehensive overview of the entire field of transplantation. Answers to almost any 
nie question pertaining to transplantation can be found within its pages, from actual biological or clini- 

cal problems, to ethical and legal questions which may arise from transplantation procedures. All 


l significant areas of transplantation research are presented with potential areas for future research 
discussed in each chapter. 


Surgical Emergencies in the Newborn—Haller & Talbert 


By J. ALEX HALLER, JR, M.D. Johns Hopkins University, Baltimore; and James L. TALBERT, M.D., University of Florida College 
of Medicine, Gainesville. ix plus 153 pages, 812" x 11". 103 illustrations. New. 1972. $14.00. (ISBN: 0-8121-0312-2). 


Intravenous Hyperalimentation—Cowan & Scheetz 


Edited by GEoRncE S. M. Cowan, JR; and WALTER L. ScHEETZ; U.S. Army Medical R & D Command, Washington, D.C. 32 
CONTRIBUTORS. xxiii plus 225 pages. 7" x 10". Illustrated. New. 1972. $12.00. (ISBN: 0-8121-0367-X). 


Operative Anatomy of the Thorax —Edwards, Malone & Collins 
By EpwaRD A. Epwarps, M.D., Harvard Medical School, Boston; PauL D. MaLoNE, A.B., Lahey Clinic Foundation, Boston; and 


Joun J. CoLLNS, JR., M.D., Harvard Medical School. xvii plus 246 pages, 81^" x 11". 301 illustrations on 134 figures. New. 1972. 
$17.50. (ISBN: 0-8121-0371-8). i 
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WASHINGTON PHILADELPHIA 
SQUARE PA. 19106 


SIMPLE! QUICK! ACCURATE! 


PADGETT-HOOD 


ELECTRO - DERMATOME 


Gives uniform grafts up to 4 inches in 
width, and to any length. The Surgeon, 
using but one hand, can operate this 
lightweight instrument without assist- 
ance, EXPENDABLE KNIFE BLADE 
does not require tools. Handy switch is 
located on motor so that the Surgeon 
can control it with his index finger. En- 
tire unit can be autoclaved. Guaranteed, 


For Complete Information Write 


PADGETT DERMATOME DIVISION 
3953 BROADWAY /KANSAS CITY, MO. 64111 





SOOTHE WITHOUT 
SENSITIZING 


Tucks pads soothe and comfort two ways after 
anorectal surgery, with no potentially sensitizing 
"caine" type anesthetic. As a wipe, these soft 


cotton flannel pads gently, yet thoroughly cleanse 
as they soothe. As a cooling compress they relieve 
post-operative discomforts. And they can be used 
as often as needed with minimum risk of 
sensitization or over-treatment 


The solution is 50% witch hazel and 10% glycerine, 
buffered to pH 4.6 to maintain the natural skin 


CHANGE OF ADDRESS acid level 


Trust Tucks for prompt relief of post-operative 
: g discomforts. And let your patients use them often 
Change of Address: Please allow 60 days Send for atrial clinical supply ah your Rx 





before date of issue for change of address. Hs, Te EA Mole cs niae titoli 
Postoperative Care Second Edition WBS “rs Cc 
Notification should include the old as well Philadelphia, Pa 
as the new address, with indication of FULLER LABORATORIES, INC. 
Eden Prairie, Minnesota 55343 
whether the change is temporary or per- — 
manent. Please give the name of the Jour- 


nal. 


Send Change of Address cards to: 


ANNALS OF SURGERY 
c/o Fulfillment Manager 
East Washington Square 


Philadelphia, Penna. 19105 








Send her home with an APC /narcotic 


J, 


that doesn't contain codeine 


Percodan does what you wantan APC/ INDICATIONS: For the relief of moderate to moderately severe pain. 
3 å : CONTRAINDICATIONS: Hypersensitivity to oxycodone, aspirin, phenacetin or caffeine. 
narcotic to do. It effectively relieves moderate to WARNINGS: Drug Dependence: Oxycodone can produce drug dependence of the mor- 
phine type and, therefore, has the potential for being abused. Psychic dependence, physical 
moderately severe pain. But it's different from dependence ard tolerance may develop upon repeated administration of Percodan, and it 
should be prescribed and administered with the same degree of caution appropriate to the 
1 1 1 use of other oral narcotic-containing medications. Like other narcotic-containing medica- 
all the other widely prescribed APC/narcotics tions, Percodan is subject to the Federal Controlled Substances Act. 
H ! b è Usage in ambulatory patients: Oxycodone may impair the mental and/or physical abilities 
because 1t doesn t contain codeine. required for the performance of potentially hazardous tasks suchas driving a car or operating 
: : : : machinery. The patient using Percodan should be cautioned accordingly. 
The chief analgesic agent in Percodan 1S Interaction with other central nervous system depressants: Patients receiving other narcotic 
. . . . analgesics, general anesthetics, phenothiazines, other tranquilizers, sedative-hypnotics 
oxycodone. A semisynthetic narcotic analgesic, orother CNS depressants (including alcohol) concomitantly with Percodan may exhibit an 
A x additive CNS depression. When such combined therapy is contemplated, the dose of one or 
oxycodone represents a therapeutic alternative both agents should be reduced. 
i Usage in pregnancy: Safe use in pregnancy has not been established relative to possible ad- 
to codeine. Percodan can produce drug depend- verse effects on fetal development. Therefore, Percodan should not be used in pregnant 


women unless, in the judgmentofthe physician, the potential benefits outweigh the possible 


ence of the morphine type and has the potentialof ^ ^ 


Usage in children: Percodan should not be administered to children. 












being abused Percodan should be used with the Salicylates should be used with caution in the presence of peptic ulcer or coagulation 
< abnormalities. 

` 1 PRECAUTIONS: Head injury and increased intracranial pressure: The respiratory depres- 

same degree of caution appropriate to other oral sant effects of narcotics and their capacity to elevate cerebrospinal fluid pressure may be 

© a, S RS : : markedly exaggerated in the presence of head injury, other intracranial lesions or a pre- 

narcotic containing medications. existing increase in intracranial pressure. Furthermore, narcotics produce adverse reactions 

. : which may obscure the clinical course of patients with head injuries. 
One tablet of Percodan every S1X hours 1S Acute abdominal conditions: The administration of Percodan or other narcotics may ob- 
— " scure the diagnosis or clinical course in patients with acute abdominal conditions. 
usually sufficient for adults. However, 1t occa- Special risk patients: Percodan should be given with caution to certain patients such as the 
^ elderly or debilitated, and those with severe impairment of hepatic or renal function, hypo- 
sionally may be necessary to exceed the usual thyroidism, Acdison's disease, and prostatic hypertrophy or urethral stricture. 

d i f ` > h i Phenacetin has been reported to damage the kidneys when taken in excessive amounts 
osage in cases of severe t for a long time. 

8 : o pain Ur mm ose patients ADVERSE REACTIONS: The most frequently observed adverse reactions include light- 
who have built up a tolerance to the analgesic headedness, dizziness, sedation, nausea and vomiting. Some of these adverse reactions 
i may be alleviated if the patient lies down. 

i 1 Other adverse reactions include euphoria, dysphoria, constipation and pruritus. 
- effect of narcotics. Percodan. The APC/ DOSAGE AND ADMINISTRATION: Dosage should be adjusted according to the severity 
1 ! 4 of the pain and the response of the patient. It may occasionally be necessary to exceed the 
narcotic that doesn t contain usual dosage recommended below in cases of more severe pain or in those patients who 
— d : have become tolerant to the analgesic effect of narcotics. The usual adult dose is one tablet 
My codeine. every six hours as needed for pain. 


DRUG INTERACTIONS: The CNS depressant effects of Percodan may be additive with 
that of other CNS depressants. See WARNINGS. 
Aspirin may enhance the effect of anticoagulants and inhibit the effect of uricosuric 
agents. 
MANAGEMENT OFOVERDOSAGE: Signs and Symptoms: Serious overdose with Percodan 
is characterized by respiratory depression, extreme somnolence progressing to stupor or 
coma, skeletal muscle flaccidity, cold and clammy skin, and sometimes bradycardia and 
hypotension. In severe overdosage, apnea, circulatory collapse, cardiac arrest and death 
may occur. The ingestion of very large amounts of Percodan may, in addition, result in acute 
salicylate intoxication. 
Treatment: Primary attention should be given to the re-establishment of adequate respira- 
SW tory exchange through provision of a patent airway and the institution 
f ofassistedor controlled ventilation. The narcoticantagonists naloxone, 
-~nalorphine or levallorphan are specific antidotes against respi- 
| ratory depression which may result from overdosage or unusual 
| sensitivity to narcotics, including oxycodone. Therefore, an appro- 
==}; priate dose of one of these antagonists should be administered, pre- 
ferably by the intravenous route, simultaneously with efforts at 
respiratory resuscitation. Since the duration of action of oxycodone 
may exceed that of the antagonist, the patient should be kept under 
continued surveillance and repeated doses of the antagonist should 
be administered as needed to maintain adequate respiration. 
Anantagonist should not be administered in the absence of clinically 
significant respiratory or cardiovascular depression. 
Oxygen, intravenous fluids, vasopressors and other supportive measures 
| should be employed as indicated. 
Gastric emptying may be useful in removing unabsorbed drug. 


When pain is moderate 
to moderately severe 


Percodan « 


Each yellow, scored tablet contains 4.50 mg. oxycodone HCl 
(Warning: May be habit-forming), 0.38 mg. oxycodone 
terephthalate (Warning: May be habit-forming), 224 mg. aspirin, 
160 mg. phenacetin, and 32 mg. caffeine. 


S 4 | reliable, rapid relief 
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For the upcoming Christmas season, one superb 


nature book stands out among all the others: Laurence 
e nad ura Pringle's WILD RIVER. The text, which bears compari- 
son with such classics as The Sea Around Us and The 


Pond, is perfectly complemented by the author's 


Wil 
é breathtaking color photographs. Together they capture 
i r both the naturalist's subtle insights into the life of 
rivers and the sense of wonder that moving water 
evokes in all of us. 


Christmas Praise from naturalists for WILD RIVER: 
“A masterful and fascinating account, beautifully 
illustrated.” —Edwin W. Hanson, Executive Director of 
the Outdoor Writers of America 


"The theme is excellent and timely, the photography 
splendid. WILD RIVER brings to life the fascinating 
world of live water." —Hal Borland 


"If anyone doubts that our remaining wild rivers are 
worth saving at almost any price, he will be convinced 
r by this splendid book.’’—Paul Brooks 


"As one who knows and loves many of our wild rivers, 
| found new enrichment in this book.” —Allan D. 
Cruickshank, National Audubon Society 


65 color photographs « 8%2 x 11 


Order today at special gift price: 
$12.95 through 1/2/73, $15.00 thereafter 


Lippincott 


J. B. LIPPINCOTT COMPANY AS 12/72 
P.O. Box 8340, Philadelphia, Pa. 19101 

Send me. . — .copies of Wild River by Laurence Pringle @ $12.95 
through 1/2/73, $15.00 thereafter. 

—— Check enclosed Bill me 

Name 
Address. 








Zip 
Residents of Pa., N.J., N.Y., N.C., N.Dak., N.M., Ark., Cal., Tenn., please 
add state and local taxes. 








memory of 
yesterday's 
pain... 





apprehension over 634 
| tomorrow's 
; pain- 


For the patient with a terminal illness, PAIN past, 
present, and future can dominate his thoughts 
until it becomes almost an obsession. The more he 
is aware of the pain he is now experiencing, the 
more difficult it is to erase his memory of yester- 
day's pain, and to allay his fearful anticipation 

of tomorrow's pain. 


Surely the last thing this patient needs is an 
analgesic containing caffeine to stimulate the 
senses and heighten pain awareness. A far more 
logical choice is Phenaphen with Codeine. The 
sensible formula provides !4 grain of phenobarbital 
to take the nervous "edge" off, so the rest of the 
formula can help control the pain more effectively 
Don't you agree, Doctor, that psychic distress 

is an important factor in most of your terminal 

and long-term convalescent patients? 








the analgesic formula that calms instead of caffeinates 


Phenaphen with Codeine No. 2, 3, or 4 contains: Phéhobarbital 
("4 gr.), 16.2 mg. (warning: may be habit forming rir ] 
162.0 mg.; Phenacetin (3 gr.), 194.0 mg 








;odeine phosphate 





(No. 2), Y? gr. (No. 3) or 1 gr. (No. 4) (warning: may be habit forming 


Indications: Provides relief in severer grades of pain, on low 
codeine dosage, with minimal possibility of side effects, Its use 
frequently makes unnecessary the use of addicting na 
Contraindications: Hypers tivity to any of the 
Precautions: As with all phenacetin-containing prod 
> should be avoided. Side effects: : 
on, although nausea, constipation a 
may occur. Dosage: Phenaphen No. 2 and No 
every 3 to 4 hours as needed; Phenaphen No. 4—1 ( 
3 to 4 hours as needed. For further details see produ 





or prolonge 






are uncom 











Tm Phenaphen with Codeine is ile Il 
Controlled Substances Act ¢ tter 
oral prescription and may be refilled 5 times naths 





unless restricted by state law 


A. H. Robins Company, Richmond, Va A-H-[ROBINS 





Dr. Philip Thorek shows you, step-by-step, 
the operative procedures he has found. most 


effective in a broad range of surgical problems 


ATLAS OF SURGICAL TECHNIQUES 


By Philip Thorek, M.D., F.A.C.S., F.I.C.S. 
Illustrated by Carl T. Linden 


From tracheostomy to subtotal gas- 
trectomy, each procedure presented in 
this atlas has proven its advantages 
over and over again in the operating 
room. In collaboration with the bril- 
liant medical artist Carl T. Linden, 
Dr. Thorek covers the surgical prob- 
lems most frequently encountered in 
daily practice. You'll find pages de- 
voted to procedures such as hernior- 
rhaphy, splenectomy, thoracostomy, 
hemorrhoidectomy, etc. Each opera- 
tive procedure is clearly presented, 
step-by-step, on a right hand page, 
with explanatory text on the facing 
page. 

Where competitive techniques for 
given conditions exist, Dr. Thorek 
states his preferences with character- 
istic clarity and candor. Every choice 
is critically discussed and firmly sup- 


ported in the detailed presentations. 


All the illustrations are original, the 
text type is large and legible, and the 
beautiful illustrations are labelled with 
maximum clarity. The authors repu- 
tation as a medical communicator is 
once again demonstrated in this, his 
latest work. 


As a reviewer said of a previous book 
on which Dr. Thorek and Carl T. 
Linden collaborated: "The author has 
a quite exceptional power of compress- 
ing all the essentials of description in 
the briefest possible space; the artist 
has an equal power. of expressing the 
descriptions in visual form. It is a 
very rare and happy combination." 


Every surgeon, from resident to chief 
of service, will want to include this 
new atlas in his armamentarium. 


196 pages e 1970 e $22.00 


80 full pages of illustrations containing 655 figures 


J. B. LIPPINCOTT COMPANY 
East Washington Square 
Philadelphia, Pa. 19105 


Please send me: 


Lippincott 
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Flow Directed-Pulmonary Artery Catheterization in Surgical 


IRECT ASSESSMENT of left atrial pressure is most de- 
D sirable in critically ill patients and with the ad- 
vent of the flow directed pulmonary artery catheter 
described by Swan, Ganz et al? this measurement can 
be conveniently and repeatedly obtained. Forrester !? 
has reported the usefulness of such information in 
caring for patients with myocardial infarction. The 
usefulness of left atrial pressure measurements in car- 
diac surgical patients is well documented." We have 
passed over 120 of these catheters in the last eight 
months in general (non cardiac) surgical patients. As 
our experience with the catheter has mounted, altera- 
tions of technic and additional applications have 
evolved. We wish to present certain changes in tech- 
nic we have found to be helpful in positioning and 
maintaining the catheter, in avoiding complications 
and to present our indications for its use in surgical 
patients. 


Method 


The technic initially described advocated placement 
of the catheter via a surgically exposed antecubital 
vein. Preferentially, we have adopted percutaneous 
placement via the right internal jugular vein. A #22 
gauge spinal needle with a 2 cc. syringe attached is 
threaded through a thin wall 2” 12 gauge needle (Fig. 
1). The spinal needle is then advanced through the 
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Patients: 


Indications and Modifications of Technic 


JOSEPH M. CIVETTA, M.D.,* JOSEPH C. GABEL, M.D.** 


From the Surgical Services and Anesthesia Laboratories 
of Massachusetts General Hospital and the Departments 
of Surgery and Anesthesia, Harvard Medical School, 
Boston, Massachusetts 02114 


lateral part of the sternocleidomastoid muscle belly 
until its entrance into the internal jugular vein in con- 
firmed by aspiration of blood. The 12-gauge needle is 
then advanced using the spinal needle as a guide. The 
inner needle is then removed and correct positioning 
of the larger needle is confirmed by aspiration. The 
catheter is then introduced and advanced into the pul- 
monary artery as previously described. The needle is 
then withdrawn from the vein and the catheter fixed 
to the skin with a simple suture. We use an organic 


iodide ointment and occlusive sterile dressing at the 


skin puncture site. $ 

In some patients it has been desirable to position the 
tip of the catheter preferentially in one lung. In these 
instances, when the catheter has been advanced into 
the right ventricle, the patient is turned to a lateral 
position with the desired side positioned superiorly. 
When the balloon is inflated and the catheter is ad- 
vanced into the pulmonary artery, it most often floats 
upward into the desired side. Confirmation of catheter 
position is obtained by portable chest x-ray in these 
cases only. 


Discussion 


We feel that the technic described has certain ad- 
vantages in surgical patients. We had experienced 
difficulty in traversing the angle of the shoulder using 
both central venous pressure catheters as well as 
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Swan-Ganz catheters. Therefore, the right internal 
jugular vein was selected as the shortest and most di- 
rect route to the right atrium. We also found that 
wedge tracings could not easily be maintained when 
the catheter had been positioned through a peripheral 
vein in surgical patients in whom motion must be en- 
couraged. The decreased catheter motion and shorter 
length of catheter in situ obtained using the internal 
jugular route has practically eliminated this problem. 
At the present time, passage to the wedge position has 
been difficult only in patients with low cardiac outputs. 
When possible, augmentation of the cardiac output 
has been followed by successful passage of the cathe- 
ter in some of these patients. Experience with long- 
term venous cannulation for hyperalimentation sug- 
gested that direct introduction of a catheter into a high 
flow, large bore vein decreased septic and thrombotic 
complications.’ These considerations also led to se- 
lection of the* internal jugular vein since anticoagula- 
tion, as recommended ® would not be possible in the 
intra- and immediate postoperative period. 

The use of the #22 spinal needle guide is especially 
valuable in a teaching institution, since the potential 
hazard of the 12-gauge hole in the carotid artery 
would seem to be significantly greater than a#22- 
gauge hole. This technic has been successfully used for 
positioning standard central venous pressure catheters 
as well.® 

Rapidity and ease of insertion, greater patient ac- 
ceptability, simplification of equipment and technic 
result in the entire procedure resembling simple ven- 
ipuncture, rather than a formal heart catheterization. 
Catheter patency has been maintained by a constant 
infusion pump since intermittent injections have not 
proved satisfactory in our hands. Repeated evaluation 
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Fic. 1. Percutaneous 
puncture of the internal 
jugular vein. Note #22 
gauge spinal needle 
threaded through stan- 
dard #12 gauge needle 
to locate vein. Point for 
needle introduction is 3- 
finger breadths above 
clavicle, one centimeter 
within the lateral border 
of the sternocleidomas- 
toid muscle. Needle is 
aligned parallel to the 
anterior border of the 
muscle and directed pos- 
teriorly at a 30° angle. 
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of the character of the tracing has also been important, 
since loss of the characteristic pulmonary artery tracing 
suggests that the tip of the catheter has advanced pe- 
ripherally and totally occluded a pulmonary artery seg- 
ment. Pulmonary infarction has already been docu- 
mented as a result Repositioning of the catheter in 
place for longer than 24 hours beyond simply with- 
drawing a short segment has not been attempted for 
fear of increasing the risk of catheter induced sepsis. 


r=0.27 p»0.05 
r=0.66 p»0.05 
r=0.70 p>0.05 


x Multiple injury 


© Peritonitis 


e Cirrhosis 





NORMAL RELATIONSHIP 


20 WP =0.9 CVP +1.1 
r=0.92 p<0.001 
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Fic. 2, Relationship of CVP and WP in normal, severe multisystem 
injury, decompensated cirrhosis and peritonitis. Note regression 
line indicating normal relationship between CVP and WP. p < 
0.001 indicates significant relationship. Relationship for values 
obtained in these three disease states was not significant. Wide 
scattering of points is evident. 
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Aortic cross clamping 
170.17 p>0.05 


Anesthesia induction 
130.11 p>0.05 


Anesthesia induction 
r* 0.7 p»0.05 


o Neosynephine infusion 
r=0.7 p»0.05 
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Fic. 3. CVP and WP comparison of normal with abnormal rela- 
tionship. Normal relationship indicated by regression line. Each 
patient is represented by a separate symbol. Multiple observations 
over 2-hour period are plotted. Note complete unpredictability of 
WP from corresponding CVP. P was greater than 0.05 in each 
instance. 30 mm. Hg variation in WP while CVP remained es- 
sentially unchanged have been common. 


Intracardiac knotting of the catheter has been re- 
ported.!^ If no more than 10 cm. of the catheter is in- 
troduced while the catheter remains in either the 
right atrium or right ventricle, this complication can 
be successfully avoided. 

In addition to patients with acute myocardial in- 
farction or undergoing cardiac surgery, there are ad- 
ditional situations in which knowledge of the pul- 
monary artery pressure, pulmonary capillary wedge 
pressure and sampling of true mixed venous blood are 
desirable. We have found that central venous pressure 
does not accurately reflect left atrial pressure in pa- 
.tients with decompensated cirrhosis, advanced peri- 
tonitis, and multisystem trauma * (Fig. 2). Right ven- 
tricular function in these three groups is compromised 
at a time when left ventricular function may be pre- 
served. Elevation of central venous pressure in these 
patients may, therefore, reflect right ventricular fail- 
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ure, not hypervolemia. Knowledge of the wedge pres- 
sure in these instances permits the functional evalua- 
tion of each ventricle independently. 

In patients with coronary artery disease, impaired 
left ventricular reserve may be present? The stress of 
major operation in such situations may well precipi- 
tate left ventricular failure, We have found central 
venous pressure to be an unreliable guide to left atrial 
pressure in such patients (Fig. 3). Efforts to identify 
early left ventricular failure are desirable, since the de- 
crease in coronary flow induced by overt failure can 
produce additional systemic complications, such as frank 
myocardial infarction, mesenteric infarction and acute 
tubular necrosis.!? 

Assessment of left atrial pressure is desirable in any 
patient in whom massive transfusion may be required. 
While central venous pressure and wedge pressure 
may change in a similar fashion in normal patients 
in response to volume infusions (Fig. 4), identifica- 
tion of this normal response unfortunately is only retro- 
spective. 

Non-cardiogenic pulmonary edema as an entity 
appears to be more frequent than we would have sus- 
pected. Demonstration of a low wedge pressure in the 
face of clinical and x-ray evidence of pulmonary edema 
will direct diagnosis and therapy toward other possible 
etiologic agents including transfusion reactions, un- 
suspected aspiration and allergic drug reactions. 








e Pre- infusion 


WP =0.9 CVP * O.8 
r =0.88 p<0.01 


x Post- infusion 


WP =0.9 CVP * 4.9 
r =0.83 p<0.01 
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Fic. 4. 500 cc. blood or plasma was infused in short period of 
time in a group of patients. The significant relationship between 
CVP and WP was maintained after infusion. Changes appeared 
proportional as well. 
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In a patient with compromised pulmonary or cardiac 
function, pneumonectomy has been attended by high 
mortality.' Use of pulmonary artery pressure at rest 
and after temporary pulmonary artery occlusion has 
been advocated to aid in the preoperative assessment 
of risk?" Since myocardial failure is a prominent 
cause of death in such patients, knowledge of the 
wedge pressure is additionally helpful. Continuous 
monitoring of pulmonary artery and wedge pressure 
before, during and after operation may be of aid in 
selection, separation and therapy in this group of pa- 
tients. 

Finally, arterial venous O» content differences are re- 
lated to cardiac output and oxygen consumption. The 
oxygen content of central venous blood has been widely 
employed to calculate this difference." However, the 
range of oxygen saturation in superior vena caval blood 
samples is twice that found in the pulmonary artery in 
normal patients.'? In serious illness we have found that 
central venous Os content bears no predictable relation 
to that found in pulmonary arterial blood, even in the 
same patient over a period of time. Assessment of cardiac 
output based on arterial to pulmonary artery Os concen- 
tration difference, though still of limited use,? is still 
more reliable than that obtained using central venous 


blood. 


Conclusion 


The advent of the flow directed, pulmonary artery 
catheter should introduce an era in which the ability 
to monitor critically ill surgical patients will be en- 
hanced, in the way forecast when central venous 
pressure monitoring was introduced.? Reliance upon 
central venous pressure measurement as an index of 
left ventricular filling pressures is contrary to estab- 
lished physiologic principles.'* However, right and 
left ventricular function in most clinical situations 
vary proportionately so that central venous pressure 
monitoring can be indirectly used to judge the ade- 
quacy of blood volume in relation to ventricular per- 
formance. When normal biventricular function is dis- 
turbed, however, the lack of true physiologic rela- 
tionship between right sided filling pressures and left 
ventricular work is uncovered so that central venous 
pressure measurement can be misleading. Utilization 
of the flow directed, pulmonary artery catheter in 
such circumstances provides the necessary information 
in a convenient way that is readily applicable to the 
postoperative care of critically ill surgical patients. We 
have described alterations in the technic initially ad- 
vocated to enhance and adapt it to widespread use in 
surgical patients. Finally, some clinical situations in 
which this technic has been of great value are briefly 
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described. We know that as experience with the tech- 
nic mounts, additional uses will be discovered. 
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Effects of Dexamethasone and Chlorpromazine on Skeletal 
Muscle Surface Hydrogen lon Concentration during 


OUCH? HAS recently reported his studies in which 
C skeletal muscle surface pH (pH) was used as a 
means of monitoring peripheral perfusion in a variety of 
clinical situations. His results show that pHy gives an 
early indication of changes in perfusion and may reflect 
onset of anaerobic metabolism ahead of arterial pH. 
There have been no reliable methods for continuous 
monitoring of the relationship between oxygen delivery 
and tissue demands (the ratio of perfusion to metab- 
olism). Monitoring pH, in this manner could be useful 
during cardiopulmonary bypass (CPB) and in the man- 
agement of critically ill patients. This report deals with 
our experimental and clinical use of pHx to evaluate 


peripheral perfusion. 


Methods 


Eight dogs weighing 18-20 Kg. were anesthetized with 
pentobarbital (30 mg./Kg.); respirations were assisted 
via an endotracheal tube with a Bird respirator. A Bio- 
tronic? electromagnetic flow probe was placed around 
the right superficial femoral artery and a branch of the 
right common femoral vein was cannulated with a small 
polyethylene catheter. A glass Instrumentation Labora- 
tories} combination pH electrode was positioned on the 


„surface of the right sartorius muscle and connected to an 


LL. Model 245 Deltamatic pH/MV Electrometer. Mean 
arterial pressure (MAP) was continuously monitored 
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Cardiopulmonary Bypass: 


Experimental and Clinical Result: 
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From the Departments of Surgery, Children's Hospita: 
Medical Center and Harvard Medical School, Boston, 
Massachusetts and the University oi 

California, Irvine, Californie 


through a left carotid artery catheter connected to a mer- 
cury manometer. Lactate concentration was determinec 
on arterial and femoral venous blood using the enzymatic 
method of Hohorst. Arterial and femoral venous pH and 
Pco, were determined using a Model 113 I.L. Blood Gas 
Analyzer and Os contents were measured with a Beck- 
man} spectrophctometer. Dogs were rapidly bled 10% 
of their predicted blood volume twice at hourly intervals, 
One hour after the second hemorrhage they were rapidly 
bled 20% of their predicted blood volume,’ Measurements 
were made during a one-hour control period, just priox 
to each hemorrhage, and one hour following the final 
hemorrhage. 


Results 


Following the initial 10% hemorrhage superficial fem- 
oral blood flow fell from 101 (+15) to 78 (£11) cc./min., 
but there were no other measurable changes (Fig. 1). 
One hour after the second hemorrhage femoral venous 
pH was unchanged from control levels. Arterial-venous 
oxygen ( A-V O2) difference doubled and skeletal muscle 
surface pH fell from 7.40 (+£0.06) to 7.33 (+0.07). 
Femoral artery flow decreased to 42 ( 3:7) cc./min., and 
the mean arterial pressure (MAP) diminished from 126 





Í Beckman Instruments, Inc., Fullerton, California. 
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Fic. 1. Skeletal muscle surface pH became severely acidotic atter 
the final hemorrhage. This was associated with a widened A-V 0» 
difference, diminished flow, and lactic acidemia. Arterial pH 
remained within the normal range. 


(X14) mm. Hg to 111 (+13) mm. Hg. Arterial and 
venous lactate levels increased slightly and were within 
the normal range. One hour following the final hemor- 
rhage pHy dropped from 7.33 ( +0.05) to 7.05 (0.07), 
venous pH fell from 7.35 (50.06) to 7.23 ( +0.07), and 
arterial pH went from 7.40 (+0.06) to 7.34 ( +0.05). 
The A-V Os difference was five times that of control, 
femoral artery flow was 19 (+10) cc./min., and MAP 
was 74 (+11) mm. Hg. Both the venous and arterial 
lactate levels were 5 Mm./L. (normal 1.4 (0.2) Mm./L.) 


Clinical Studies 


Studies were done on children, ages 4 to 12 years, 
undergoing intracardiac surgery using a disc oxygenator 
and mild hypothermia. CPB averaged 62 minutes and 
ranged from 40 to 90 minutes. There were six control 
patients. Four patients received dexamethasone 20 mg. 
intravenously following induction of anesthesia, 20 mg. 
just before CPB, and 20 mg. immediately following CPB. 
Another four patients were given chlorpromazine (0.5 
mg./Kg.) intravenously just before the onset of CPB 
and half this dose each 30 minutes the bypass was con- 
tinued. 

A left radial artery catheter was placed in each patient 
and blood pressure was continuously monitored using a 
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P-23 Statham Strain Gauge and a Lexington Oscilloscope. 
Arterial blood was serially measured for pH, Pcos, and 
Pos using a Model 113 LL. Blood Gas Analyzer. The left 
biceps brachial muscle was exposed through a small 
transverse incision and an LL. glass right angle combina- 
tion pH electrode was placed on the muscle. The elec- 
trode was connected to an LL. pH Electrometer and pH 
was continuously monitored before, during, and for 3 
hours after CPB. Blood flow during bypass was quan- 
titated by measuring the volume of venous return to the 
pump oxygenator over a 15-second interval and then was 
converted to cardiac index by calculation of body surface 
area. 


Control Group 


During general anesthesia, but before sternotomy, 
mean pH was 7.43, arterial pH was 7.56, arterial Pcos 
was 36 mm. Hg, and MAP was 90 mm. Hg (Fig.2). 
Following sternotomy pHuy fell to 7.25 and increased 
slightly to 7.27 just before the onset of CPB. At the com- 
pletion of bypass pHy was 7.15 and within 3 hours post- 
operatively it had returned to preoperative levels. Arterial 
pH was 7.42 and Pcoz was 31 mm. Hg at the termination 
of bypass. Arterial pH remained within normal range al- 
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Fic. 2. Mean skeletal muscle surface pH fell 0.12 units during 
CPB in the control patients. 


Vol. 176 * No. 6 


CHANGES in SMS pH DURING CPB in DEXAMETHASONE TREATED PATIENTS 
755 -————— 






7.50 


ART pCO, 30 
MM Hg 


7.35 
Skeletal muscle 130 
surfoce pH 7.25 
7.20 
7.15 
7.10 


MM Hg 


Flow 
L/min/M* 2-6 
25 


30 5 5 |25 SO 75 100 


5 60 120 180 
Minutes ofter 


Minutes before 
CPB CPB 


% Before completion | 
CPB 


Fic. 3. Mean skeletal muscle surface pH declined 0.12 units during 
CPB despite treatment with dexamethasone. 


though the Pco; was slightly diminished. Mean arterial 
pressure progressively fell and was 51 mm. Hg at the 
close of bypass. This was associated with a fall in the 
flow rate from 2.5 L./min./m.? to 2.1 L./min./m.?. 


Dexamethasone Group 


Prior to sternotomy mean pH was 7.42, arterial pH 
was 77.50, arterial Pcos was 35 mm. Hg and MAP was 88 
mm. Hg (Fig. 3). Skeletal muscle surface pH fell to 
7.25 and remained there prior to onset of bypass, fell 
from 7.27 to 7.17 during bypass, and rose rapidly to 
control levels following bypass. Blood flow during bypass 
was maintained at a rate over 2.4 L./min./m.? and MAP 
remained above 60 mm. Hg. 


Chlorpromazine Treated Group 


Prior to sternotomy the mean pHy was 7.41, arterial 
pH was 7.50, arterial Pcos was 32 mm. Hg and MAP was 
86 mm. Hg (Fig. 4). Following sternotomy, pHy fell to 
‘and remained at 7.27 until onset of CPB. PH, fell from 
7.27 to 7.23 during bypass and rose to control levels 
following bypass. As in the control group, there was no 
significant reduction in arterial pH during CPB. Mean 
arterial pressure remained above 60 mm. Hg and flow 
rates were over 2.4 L./min./m.?. 


CARDIOPULMONARY BYPASS 
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Fic. 4. Mean skeletal muscle surface pH fell only 0.04 units in 
those patients treated with chlorpromazine. 


Discussion 


The experimental study showed that the decline in 
pHa correlated with reduction in that portion of hind 
limb flow supplied by the superficial femoral artery, the 
widened arterial-venous oxygen difference, the decrease 
in venous pH, and the presence of lactic acidemia. These 
changes preceded alterations in arterial pH which were 
mild and did not reflect the degree of tissue anaerobic 
metabolism. Measurement of skeletal muscle surface pH 
will indicate changes in both perfusion and metabolism 
and for that reason should be an excellent method for 
monitoring peripheral perfusion during CPB. 

The use of the skeletal muscle as an index of measuring 
peripheral perfusion is valid since in a resting normal 
70 Kg. male, 43% of body weight is made up of skeletal 
muscle which receives 14% of the cardiac output and 
accounts for 20% of the oxygen consumption. The skeletal 
muscle vasculature is very sensitive to changes in endog- 
enous catecholamine levels and  vasoactive drugs. 
Skeletal muscle blood flow is diminished early during 
low flow states to prevent ischemia of more central 
organs. Recent experimental studies in monkeys have 
shown no change or reduction in skeletal muscle blood 
flow during cardiopulmonary bypass.5? 
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There was a steady decrease in flow during CPB in the 
control group and pHy fell a total of 0.12 units. This was 
consistent with decreased skeletal muscle perfusion and 
anaerobic metabolism, These changes were not reflected 
in the arterial pH which remained within the normal 
range although arterial Pcos was slightly diminished, in- 
dicating some respiratory compensation for a metabolic 
acidosis. The rate of fall of pH, could be slowed by 
transfusing the patient during CPB, but this effect was 
transient. 

Dexamethasone and chlorpromazine were evaluated to 
assess their effects on pHy during CPB. In a previous 
study” it was felt that large doses of dexamethasone were 
beneficial to the patient during CPB, possibly because it 
stabilized lysosomal membranes or improved peripheral 
perfusion. Some investigators have claimed that large 
doses of corticosteroids block adrenergic activity and 
thereby reduce peripheral vasoconstriction.*!5 Replogle 
et al. in a recent report, were unable to demonstrate 
vasodilation with large doses of dexamethasone in ex- 
perimental hemorrhagic shock. Sambhi et al, on the 
other hand, demonstrated an increase in cardiac output 
and fall in peripheral resistance with large intravenous 
doses of glucocorticoids in normal patients and those 
with acute hypotension. 

There is evidence from in vitro studies, however, that 
large doses of corticosteroids enhance the vasoconstric- 
tive effects of catecholamines.? Shubin?! failed to show 
a potentiation of catecholamines by corticosteroids in 
humans. In the studies reported here, patients given large 
doses of dexamethasone had higher flow rates than con- 
trol patients, but pH fell to severely acidotic levels 
identical to control patients. Dexamethasone did not ap- 
pear to produce skeletal muscle vasodilation, and it 
cannot be determined by these studies whether it pro- 
duced vasoconstriction. 

Chlorpromazine is a potent peripheral vasodilator and 
has been shoWn in various studies to increase skeletal 
muscle blood flow.*? The augmented skeletal muscle ef- 
fects are not at the expense of renal perfusion since chlor- 
promazine has been shown to increase glomerular filtra- 
tion rate.^ Lemieux’ found chlorpromazine useful in 
producing optimal tissue perfusion during CPB in hu- 
mans. In our studies pH fell only slightly during CPB, 
indicating improved skeletal muscle perfusion. Similar 
effects of chlorpromazine on pH have been seen in in- 
fants undergoing deep hypothermia.’ It has not been 
determined whether this vasodilation is beneficial to the 
patient. Postoperatively the patients were pink and well 
perfused, required less blood to stablize them, and 
seemed to have a smoother convalescence. 

Results of these studies and those of Couch have shown 
that peripheral perfusion can be monitored by measuring 
skeletal muscle surface pH. The development of a stur- 
dier, miniaturized electrode is currently underway. 
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Summary 


Skeletal muscle surface pH was evaluated in dogs 
during graded hemorrhage and correlated well with the 
onset of tissue anaerobic metabolism and decreased tissue 
perfusion. These changes were evident well ahead of 
changes in arterial pH and were instantaneously noted 
by continuous pH, measurement. Skeletal muscle surface 
pH was measured in 14 children undergoing cardiopul- 
monary bypass. In the control group there was a steady 
fall in surface pH with duration of CPB and pHy was 
not stabilized by large doses of dexamethasone. PHy fell 
only moderately in patients treated with chlorpromazine. 
It is hoped that with development of better electrodes 
there will be wider use of pH. 
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Right Iliac Artery-Duodenal Fistula in Infancy 


Massive Hemorrhage Due to "Whisk-Broom"' Bristle Perforatioi 


RTEHIAL ENTERIC FISTULA as a cause of massive gas- 
A trointestinal bleeding is usually due to rupture of 
an abdominal aortic arieursym or to complicatioris of 
aorto-iliac reconstructive operations.?5 Rare instances due 
tuberculosis and cancer have also been recorded. In 
over 80% of cases the fistula occurs between the aorta and 
duoderium with occasional reports showing the stomach, 
jejunum, and ileum as the site of fistula formation... 
The mortality rate in such cases is 80 percent and almost 
all of the reported instances have occurred in patients 
over 40 years of age. 

This report describes a case of massive gastrointes- 
tinal hemorrhage due to a right common iliac artery- 
duodenal fistula in an 18-month- old infant. The etiol- 
ogy of this unusual complication in this age group was 
a foreign body (whisk-broom bristle) perforation of 
the duodenum. 


Case Report 


An 18-month-old girl was admitted to the Pediatric Service 
at the New York University Hospital on 9/23/71, with a diagnosis 
of fever of unknown etiology. Ten days prior to admission, 
fever (103°F) and irritability were observed. Two days later 
the infant was examined by her pediatrician because of persistent 
fever, colic, and itritability. Physical examination was unremark- 
able. The following day the infant became anorexic and more 
restless. Four days prior to hospitalization, the patient was given 
penicillin for a temperature of 104.6°F, Later that day inter- 
mittent episodes of crampy abdominal pain was followed by the 
passage of malodorous “wine-colored” stools with a few clots. 
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The infant was taken to a community hospital emergency roo: 
where penicillin was discontinued. Erythromycin was given ar 
the patient was sent home. In addition, she had been give 
aspirin, 60 mg, every 3 hours since the start of the illness. C 
the day of admission “coffee-ground” emesis and melena we: 
observed. 

The infant was the product of a 3l-year-old gravida two, pa: 
two, abortus zero mother who had an uncomplicated 40-wee 
pregnancy and spontaneous delivery. Birth weight was 7 lb 
11 ozs. There was no history of omphalitis or umbilical vein catl 
eterization in the neonatal period. Growth and development we: 
normal. There were no previous serious illnesses or hospitalization 
Family history was negative for peptic ulceration, bleeding diath 
sis, and anemia. There were no allergies or feeding difficulties. 

Physical examination showed a pale, irritable, 13.0 Kg. infa: 
in no acute distress. Vital signs: Temperature 100.8*F, bloc 
pressure 96/70 mm. Hg, pulse rate 140/minute, and respirato: 
rate 28/minute. The head, ears, eyes, nose, and throat we 
normal. The chest was clear to percussion and guscultation. Hea 
sounds were strong and no murmurs were audible. The abdome 
was slightly distended. No visceromegaly was observed. Minim 
guarding was elicited in both lower quadrants. Bowel sounc 
were hyperactive. Rectal examination was unremarkable. Bilater 
femoral pulses were palpated. 


Lab Data: 


Hemoglobin 7.8 Gm., hematocrit 24%, white blood count 21,0€ 
mm? with 76% polymorphonuclear leukocytes, 20% lymphocyte 
4% monocytes, and toxic granulations on differential smear. Bloc 
urea nitrogen was 16 mg./100 ml., serum sodium 147 mEq./ 
potassium 4.3 mEq./l chlorides 97 mEq/l, and CO»-conte: 
24.5 mEq./l. Specimens of gastric aspirate and stool were guai: 
positive. Platelet count, prothrombin time, and partial thromb 
plastin time were normal. Chest dnd erect and recumbent al 
dominal X-rays were unremarkable. 


Hospital Course: 


On 9/24/71, blood clots were passed per rectum followir 
an episode of abdominal pain during which the infant dre 
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up her legs and cried vigorously. A contrast barium enema 
X-ray showed no evidence of intussusception or polyp. 

No further bleeding was noted and a repeat hemoglobin and 
hematocrit was 7.2 Gms. and 23% respectively at 9:00 p.m. 
9/24/71. Two hundred cc. of blood were administered. 

The infant spent a restless night, however, vital signs remained 
stable. Suddenly at 6:30 a.m. 9/25/71, bright-red 
hemorrhage both in the form of hematemesis and hematochezia 
occurred. The blood pressure was unobtainable and the patient 
unresponsive, Apical heart rate was 180/minute. Hemaglobin 
was 5.6 Gms. and the hematocrit 16%. Plasmanate 20 cc./Kg. 
was given rapidly through an already functioning ankle intra- 
venous line and a pediatric surgical consultation. requested. 

Following insertion of a right subclavian-vein catheter and left 
antecubital fossa cutdown and resuscitation with a total 300 cc. 
of packed red blood cells and 650 cc. plasmanate, the infant 
became responsive and was stabilized with a blood pressure of 
104/70 mm. Hg, pulse rate 150/minute, and hematocrit 337. 
Emergency operation was 


massive 


continued 
(bright red) bleeding from the nasogastric tube as well as ex- 
plosive hematochezia. The preoperative diagnosis was massive 
gastrointestinal hemorrhage due to peptic ulceration. 


undertaken because of 


Operative Findings: 


Operation was performed through a right paramedian incision. 
The pylorus was incised longitudinally and although blood and 
clots were present, no ulcer was noted at the pyloroduodenal 
junction. A long longitudinal anterior gastrotomy was then per- 
formed. The stomach was filled with blood and clots, however, 
no ulcer was observed either in the antrum, cardia, or at the 


punctured 
by straw 





Fistula repaired 


Common Illiac a 


Fic. 1. Illustration demonstrating retroperitoneal hematoma and 
palpation of foreign body by insertion of gloved finger into third 
portion of duodenum. Insert (A) shows duodenotomv incision 
used to visualize fistula site. After getting control of the proximal 
aorta, the fistula was divided, and the fistula site and duodenotomy 
closed tranversely (B). The ragged edged right common iliac 


artery was simply ligated proximal and distal to the fistula (C). 
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Fic. 2, The foreign body 
causing the arterial en- 
teric fistula was a 6.5 cm 
"whisk-broom" bristle. 


esophagogastrie junction. There was no evidence of jejunal 
diverticulae or a Meckel’s diverticulum. Further exploration re- 
vealed a retroperitoneal hematoma at the aortic bifurcation. A 
finger was inserted into the opened pylorus and passed around 
the “C”-loop of the duodenum where a foreign body was palpated 
in the third portion. Through an anterior duodenotomy in the 
second portion, a whisk-broom bristle was seen perforating the 
posterior daodenal wall and entering the retroperitoneal hematoma 
(Fig. 1). On manipulation, bright-red blood poured out from 
around the foreign body. Blood pressure at this time was un- 
obtainable. Further bleeding was controlled by compression of 
the bristle, posterior duodenal wall, and the hematoma. The 
aorta was identified below the renal arteries, and cross clamped. 
Furosemide, 10 mg., heparin, 10 mg. and sodium bicarbonate, 
20 mEq, were given intravenously. The 6.5 cm whisk-broom 
bristle was removed and the duodenal wall was dissected free 
from an infected hematoma filled with old grumous clot and 
fresh red blood (Fig. 2). The fistula entered the right common 
iliac artery below the aortic bifurcation and was approximately 
0.5 cm in length. Obvious contamination of this area required 
suture ligation above and below the fistula with 4-0 Tevdek 
with no attempt to repair the arterial wall. Time of aortic cross- 
clamping was 25 minutes. Declamping was uneventful. 

An intraoperative aortogram showed a defect at the sight of 
right iliac artery ligation and demonstrated adequate cross- 
pelvic collateral circulation with normal filling of the right femoral 
artery and its branches (Fig. 3). 

The posterior duodenal fistula site and anterior duodenotomy 
were closed transversely in two layers. The pyloric incision was 
closed transversely as'a one-layer pyloroplasty and covered with 
omentum. The anterior gastrotomy was closed in two layers. 
A Penrose drain was placed at the site of the infected hema- 
toma and near, but not on the duodenal closure and brought 
out a right-flank stab wound. The abdomen was then closed in 
layers. 

At the conclusion of the procedure the pH and blood gas 
tension. determinations were normal, the central venous pressure 
9.0 cm of water, blood pressure 104/70 mm. Hg, pulse rate 
140/minute. The hematocrit was 58% and excellent urinary output 
was observed. The right leg was warm and pink and had normal 
motor and sensory function. 

Postoperative hemoconcentration was managed by phlebotomy 
and plasmaphoresis. Hypokalemia (1.9 mEq./1) due to furose- 
mide administration. responded to potassium infusion. 

The postoperative management included nasogastric suction,* 
intravenous support, and antibiotics in the form of Ampicillin 
150 mg./Kg./day, for 7 days. Upper gastrointestinal contrast 
week following operation demonstrated intact duodenal 
wounds and no evidence of obstruction (Fig. 4). The infant 
was discharged on a regular diet for her age on the 12th post- 
operative day. 


study ] 
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Fic. 3. Intraoperative 
aortogram demonstrates 
a filling defect in right 
common iliac artery at 
ligation site. Excellent 
collateral circulation fills 
the right femoral system. 


Discussion 

Between the ages of 6-months and 3 years infants 
are prone to ingest any foreign object they grasp and 
can fit in their mouth. Once in the stomach, 95 per 
cent of all ingested foreign bodies will pass unevent- 
fully through the gastrointestinal tract.! Observation, 
screening of stools, and patience is usually rewarded 
by passage of the foreign body in question. 

The unsuspected foreign body often unknowingly 
ingested or swallowed and forgotte 'n is usually unde- 
tected unless a complication occurs. The most signifi- 
cant factor concerning arrested progress of a foreign 
body is the possibility the object has perforated the 
bowel wall and is trapped by an inflammatory process. 
Problem areas that may impede progress are the py- 
lorus, the “C”-loop of duodenum, the ligament of Treitz 
and the ileo-cecal valve. In addition, the length of 
the foreign object plavs a significant role as it may be- 
come lodged transversely in the intestine producing 
pressure necrosis followed by perforation, Objects 
greater than 5.0-6.0 cm. in le ngth may be expected to 
cause problems in infants. 

The incidence of foreign body perforation of the in- 
testine is about one per cent. When this occurs, the 
foreign body is usually slowly extruded and becomes 
the focus of an inflamm: atory process that m: iy present 
as a tender abdominal mass or that traps and angul: ates 
a loop of small bowel 
tinal 


mechanical intes- 


from 


re sulting in 


obstruction. Generalized peritonitis slow 
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perforation of this nature is extremely rare as the area 
of perforation is commonly walled off by 
and omentum. 

Perforation into the retroperitioneal space is usually 
a sequela of the foreign body passing through the 
posterior wall of the third portion of the duodenum. 


intestine 


In the present case it would appear that perforation 
first occurred 12 days prior to operation with the for- 
cign body slowly extruded through the third portion 
of the duodenum into the retroperitoneum forming an 
abscess. Six days prior to operation, the sh: arp point 
of the whisk-broom bristle entered the right iliac ar- 
tery creating a hematoma. A slow leak of blood along 
the path of the foreign bady resulted in gastrointe stinal 
hemorrhage. A "blow out" of wall 
at the site of foreign body entrance led to the almost 
exsanguinating episode on the morning of operation. 
This suggests that bleeding may be insidious or acute 
depending directly on the size of the fistula. 

The actual certainly obscure. Not 
suspecting an ingested foreign body, the incorrect pre- 
operative diagnosis was a bleeding peptic ulcer. A 
negative history of omphalitis or umbilical-vein cath- 


the infected artery 


diagnosis was 
E 


Fic. 4. Postoperative upper gastrointestinal contrast study shows a 
normal duodenal sweep without obstruction or leakage from the 
suture lines. 
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eterization as a neonate, and the presence of painful 
bleeding without splenomegaly, made  portal-vein 


thrombosis an unlikely cause. The rate of hemorrhage 
made aspirin gastritis an unlikely diagnosis. In addi- 
tion, massive hematemesis would be a most unusual 
manifestation of a Meckel’s diverticulum. 

In cases of aorto-duodenal fistula in the adult, upper 
gastrointestinal contrast studies have shown intradu- 
odenal irregularities representing blood clots or re- 
troperitoneal hematoma due to deformity of the duo- 
denal loop. Unfortunately, the rate of hemorrhage 
in the present case prevented further studies. Simi- 
larly, selective angiography may also have been di- 
agnostic had time allowed. 

Specific operative treatment of such instances is 
based on previous experience in adults with aortoduo- 
denal fistula following operation for aneurysm or 
aorto-iliac reconstructive procedures. Management in- 
cludes: (1) control of hemorrhage by proximal aortic 
control and separation of the involved bowel loop 
from the vessel in question, (2) closure of the intestinal 
defect to prevent further contamination of the retro- 
peritoneal space, (3) suture ligation of the involved 
vessel (preferably with monofilament material) with 
no attempt at primary repair because of contamina- 
tion and drainage of the infected hematoma site, and 
(4) debridement and resection of any previous syn- 
thetic material and jump-graft from a “clean” area to 
revascularize the extremity distal to the defect. 

Instances of untreated iliac artery emboli or pene- 
trating iliac artery injury treated by simple ligation in 
adults have a reported frequency of gangrene in from 
30 to 50 per cent of cases, and therefore, almost al- 
ways require a revascularization procedure. 

Fortuitously, in the present case in an infant with 
otherwise normal vessels, excellent cross-pelvic col- 
lateral circulation was observed on operative aortog- 
raphy. These fortunate circumstances obviated the 
need for bypass graft in this instance. Postoperatively, 
the findings of a warm, pink leg with normal motor 
and sensory function verified the adequacy of collateral 
flow. 
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Arterial-enteric fistula due to an ingested foreign 
body is indeed an exceptionally rare complication in 
infancy. There were no such instances reported in 
766 cases of ingested foreign body described by Gross 
or 800 cases by Henderson et al.** Furthermore, we 
could find no other case similar to this one in the 
English literature. 


Summary 


Massive gastrointestinal hemorrhage in the form of 
hematemesis and hematochezia was observed in an 
18-month-old girl. Bleeding was due to a right iliac 
artery-duodenal fistula caused by a whisk-broom bris- 
tle that perforated the third portion of the duodenum 
Successful management included control of hemor- 
rhage by proximal aortic control, separation of the 
duodenum from the vessel, closure of the intestinal 
defect, suture ligation of the involved vessel, debride- 
ment, and retroperitoneal drainage. Intraoperative 
aortography demonstrated excellent cross-pelvic col- 
lateral circulation obviating the need for bypass graft. 
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Thoracoabdominal Aneurysm after Resection and Dacror 
Graft Replacement of the Descending Thoracic Aort: 


REATMENT of thoracoabdominal aortic aneurysms 
Ts excision and graft replacement has been ac- 
cepted and the technies for its application are now 
well established.^!? As in the management of aneur- 
ysms located elsewhere, the principles of surgical 
therapy include eradication of the aneurysm and main- 
tenance or restoration of circulation through the re- 
gion of disease and into the peripheral beds of the 
major visceral branches arising from the involved 
aortic segment. 

The surgical risk and incidence of postoperative 
neurological dysfunction increases as longer segments 
of the thoracic and abdominal aorta are removed and 
replaced with prosthetic material During the last 6 
years one of us (E.S.C.) has operated upon three pa- 
tients with large thoracoabdominal aortic aneurysms, 
all of whom had undergone previous Dacron graft re- 
placement of the proximal descending thoracic aorta 
for treatment of aneurysmal disease. The purpose of 
this presentation is to discuss the technics and results 
of operation concerned with this experience with par- 
ticular emphasis on the prevention of spinal cord 
ischemia during the resection and graft replacement of 


` large portions of the thoracic and abdominal aorta. 


Case Reports 


Case 1. C. W., a 42-year-old man, underwent excision of an 
aneurysm of the descending thoracic aorta and replacement with 
a Dacron graft in 1962 (Fig. 1). He returned to The Methodist 
Hospital in Houston, Texas 3 years later with epigastric dis- 
comfort at which time a large dissecting abdominal and lower 
thoracic aortic aneurysm was demonstrated. The aneurysm origi- 
nated at the level of the previous anastomosis between the 
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Dacron graft and the thoracic aorta and it extended to involv 
the entire abdominal aorta, its visceral branches, and the ilia 
arteries. On April 8, 1965, the thoracoabdominal aneurysm wa 
resected and replaced with a composite Dacron prosthesis (Fig 
2). The new gra?t consisted of joined bifurcation and tub 
segments.to which were sutured 8 mm. Dacron limbs for anas 
tomoses to the celiac axis, superior mesenteric, and renal arteriet 
The distal right portion of the bifurcation graft was sutured t 
the common femoral artery, while on the left side, an end-to-sid 
anastomosis to the external iliac artery was performed. Posi 
operatively, lower extremity weakness and loss of pain sensatio: 
were noted. There were no signs of gastrointestinal, hepatic, o 
renal dysfunction. Nine years after removal of the thoraci 
aortic aneurysm and 6 years following resection and graf 
replacement of the thoracoabdominal aneurysm the patient ha 
remained well except for moderate residual paraparesis. 

Case 2, On December 15, 1958, V. B., a 48-year-old ma: 
underwent excision and Dacron graft substitution of a fusiforr 
aneurysm of the descending thoracic aorta (Fig. 3). Six year 
later the patient first began to notice a sensation of abdomin: 
fullness and epigastric discomfort. Thoracic and abdominal aortc 
graphy at that time revealed a huge thoracoabdominal aorti 
aneurysm which involved all the abdominal visceral branche 
and extended to the iliac arteries. Àn operation was performe 
on May 3, 1965, utilizing a thoracoabdominal incision. Exposur 
was enhanced by dividing the left colonic lateral peritone: 
attachments and then reflecting the splenic flexure and stomac 
to the right. An 18 mm. woven bifurcated Dacron prosthes: 
was selected and the distal anastomoses to the left extern: 
iliac and right common femoral arteries were made in an enc 
to-end fashion. The proximal anastomosis between the gra! 
and the distal thoracic aorta was performed after which fov 
8 mm. Dacron side-arms were sutured from the aortic prosthes: 
to the visceral branches. The thoracoabdominal aneurysr 
was then incised and a pair of large lumbar arteries were ident 
fied and removed with a button of surrounding aortic tissue. . 
small circular segment of Dacron graft was excised and the po: 
tion of aorta with the preserved lumbar arteries was suture 
in its place (Fig. 4). Postoperatively there was no clinical c 
laboratory evidence of gastrointestinal, renal, hepatic, or spin: 
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Fic. l. An aneurysm of 
the descending thoracic 
aorta was resected and 
substituted with a Dacron 
vascular prosthesis. 





Tre 


cord malfunction. The patient was discharged from the hospital 
on May 22, 1965, and he returned to full activity. It is now 
13 years since the thoracic aortic aneurysm was resected and 
6 years after excision and graft replacement of the large thoraco- 
abdominal aneurysm. He has remained completely asymptomatic 
since 1965. 

Case 3. M. C., a 38-year-old hypertensive woman underwent 
resection and graft replacement of an aneurysm of the descend- 
ing thoracic aorta on March 11, 1960 (Fig. 5). Nine and one- 
half years later she was admitted again to The Methodist Hospital 
in Houston, Texas with a 3-month history of left upper quadrant 
abdominal pain. Trans-brachial aortography illustrated a large 
thoracoabdominal aneurysm which extended to the level of the 
renal arteries. An operation was performed on December 7, 
1970, once again using a thoracoabdominal incision to properly 
expose and control the large thin-walled arterial lesion. The 
distal margin of the aneurysm reached the mid-portion of the 
abdominal aorta and produced almost complete occlusion of 
the aortic orifice of the left renal artery. The aneurysm was 
excised and replaced with a woven Dacron tube graft. The 
distal end of the graft was cut at a 45 degree angle and then 
sutured to the preserved and tailored anterior wall of the ab- 
dominal aorta, eliminating the need for separate anastomoses to the 
celiac axis and superior mesenteric artery (Fig. 6). An 8 mm. side- 


Fic. 2, Resection of the 
thoracoabdominal aneu- 
rysm in patient C. W. 
resulted in Dacron pros- 
thetic replacement of the 
entire aorta and its vis- 
ceral branches distal to 
the left subclavian artery. 
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Fic. 3. Patient V. B. un- 
derwent resection and 
Dacron graft replacement 
of a large descending 
thoracic aortic aneurysm. 


arm from the aortic prosthesis to the left renal artery, restored nor- 
mal circulation to the left kidney. The postoperative course was 
unremarkable. The patient currently is asymptomatic 13 months 
after excision and graft replacement of the thoracoabdominal 
aneurysm and 11 years following removal of the aneurysm of 
the descending thoracic aorta. 


Discussion 


The first successful operations for thoracoabdominal 
aneurysms in 1955 and 1956 incited interest in the de- 
velopment of technics to progressively decrease the high 
mortality and morbidity accompanying surgical treat- 
ment of these large aortic lesions.? 95? Complications as- 
sociated with the excision and graft replacement of this 
type of aneurysm were a function of compounding two 
basic problems: 1) maintenance or restoration of celiac, 
superior mesenteric, and renal artery blood flow after 
removal of the supra-renal abdominal aorta, and 2) pre- 
vention of ischemic necrosis of the spinal cord when a 
large segment of the thoracic and abdominal aorta was 
excised. The first of these two difficulties was over- 
come by refinements of the technics to manage mesen- 
teric and renal arterial occlusive disease utilizing Da- 
cron or autogenous vein bypass grafts from the ab- 
dominal aorta to the obstructed artery.*:!?:!* The visceral 
ischemic time during removal of a thoracoabdominal 
aneurysm has been further reduced by the use of a 
thoracic-to-abdominal aorta Dacron internal shunt, which 
after performance of the celiac axis, superior mesenteric, 
and renal artery anastomoses, becomes the permanent 
thoracoabdominal aortic substitute, thus allowing safer 
aneurysmectomy.?-!? 

Defunctionalization of intercostal and lumbar arteries 
during aortic surgery has led to the possibility of critically 
reducing anterior spinal artery blood flow with sub- 
sequent damage to the ventral portion of the spinal cord. 
The clinical result is a reproducible syndrome character- 
ized by paraplegia or paraparesis, loss of rectal and 
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Fic. 4. A cuff of aorta with two large lumbar arteries was pre- 
served during resection of the thoracoabdominal aneurysm. This 
patch of tissue was then sutured to the new abdominal Dacron 
graft in an effort to avoid ischemia in the distribution of the 
anterior spinal artery. 


urinary sphincter tone, and diminished pain sensation 
with retention of tactile, proprioceptive and vibratory 
sensibility.41'17 Spencer has experimentally shown uni- 
form severe neurologic damage produced by acute liga- 
tion of intercostal arteries in dogs. When longer aortic 
segments were removed the chance of interrupting a criti- 
cal number of lumbar and intercostal arteries supplying 
important spinal branches increased. Thoracoabdominal 
aneurysms presented an added risk in that it is between 
the eighth thoracic and fourth lumbar spinal segments 
that the major anterior radicular artery originates. This 
vessel is the primary source of anterior spinal artery blood 
flow for the inferior half of the body.!? 1?.!* 

Many patients have tolerated removal of a large thor- 
acoabdominal aneurysm without demonstrating any 
postoperative neurologic deficit. It has been impos- 
sible to determine in these cases whether the lack of 
spinal cord damage was due to the prior development 
of adequate collateral circulation or instead was the func- 
tion of the fortuitous location of important radicular 
arteries in relation to the excised aortic segment. There 
also has been no manner to accurately predict which 
patients are more likely to suffer neurologic damage 
after surgical removal of an aortic aneurysm. 

All three patients described in this report had large 
aneurysms of the thoracoabdominal aorta, and each 
had undergone previous excision and Dacron graft 


THORACOABDOMINAL ANEURYSM 
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Fic. 5. Excision and Da- 
cron graft replacement of 
a large saccular aneu- 
rysm of the descending 
thoracic aorta in patient 


M. C. 





replacement of the proximal portion of the descending 
thoracic aorta. Completion of the second operative pro- 
cedure in two patients resulted in Dacron graft sub- 
stitution of the entire thoracic and abdominal aorta 
distal to the left subclavian artery. The third patient's 
aortic prosthesis ended at the renal artery level, leav- 
ing only a short segment of infra-renal abdominal 
aorta not replaced by the Dacron graft. The three pa- 
tients survived the operations and it is now 9, 13, and 
11 years following excision of the descending thoracic 
aortic aneurysms and 6, 6, and 1.2 years after removal 
and Dacron graft replacement of the aneurysms of 
the thoracoabdominal aorta. Only the first patient dem- 
onstrated a postoperative neurologic deficit and it 
was typical of that induced by anterior spinal artery 
ischemia. Spencer has shown that by leaving only two 
pairs of intercostal arteries unharmed during ligation 
of all other spinal branches, neurologic damage could 
always be prevented in the experimental laboratory.!* 
A technic of sparing large lumbar arteries by suturing 


Fic. 6. The thoracoab- 
dominal aneurysm is re- 
sected and replaced with 
a Dacron graft. A technic 
of aneurysmorrhaphy is 
utilized to preserve the 
celiac axis and superior 
mesenteric artery. 
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an aortic segment to the Dacron graft was therefore 
devised and used successfully in our second patient. 
No neurologic deficit occurred in the last patient in 
whom it was possible to leave intact the abdominal 
aorta and its lumbar branches below the renal artery 
level. 

The experience gained in these three 
whom long portions of the thoracic and abdominal 
aorta were excised and replaced with a Dacron graft 
suggest that whenever possible intercostal and lumbar 
arteries should be preserved during extensive aortic 
surgery. This may be done either by suturing a section 
of aorta to the graft or by tailoring the aneurysm in 
such a manner that a small portion of posterior aortic 
wall remains intact. At all times emphasis should be 
placed on carefully delineating the termination of the 
diseased segment of aorta so that as much aorta as 
possible may be left to maintain normal anterior spinal 
artery circulation and thus prevent spinal cord ischemia. 


patients in 


Summary 


Three patients who underwent excision of thora- 
coabdominal aneurysms following prosthetic graft re- 
placement of the proximal descending thoracic aorta 
were presented. Each has survived for long periods fol- 
lowing the operations. The first patient in whom the 
entire thoracic and abdominal aorta distal to the left 
subclavian artery was replaced by a Dacron graft, 
incurred ventral spinal cord damage with resultant 
paraparesis, while the other two patients experienced 
no significant difficulties whatsoever. 

The uncommon problem of neurologic deficit fol- 
lowing aortic surgery was discussed and emphasis was 
placed on the unpredictability of this complication. 
The technics of lumbar artery preservation and an- 
curysmorrhaphy, were suggested as helpful measures to 
prevent spinal cord and visceral organ damage during 
resection of large thoracoabdominal aortic segments. 
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Interruption of Double Inferior Vena Cava for Prevention oi 


ULMONARY EMBOLISM is one of the commonest com- 
P plications in patients confined to bed. The postopera- 
tive patient who survives one pulmonary embolism has 
a 44% chance of another thrombotic episode, a 31% 
chance of another embolus, and an 18% chance of a fatal 
outcome in the same postoperative convalescence. The 
present basis of treatment for preventing the extension 
of the thrombus and recurrent embolization includes 
anticoagulant drug therapy ^* and interruption of the 
inferior vena cava? The operative mortality of inferior 
vena cava ligation is high. depending upon the severity 
of the state of the patient and the extent of the pulmo- 
nary artery occlusion. In an effort to solve this problem 
several methods of partial or progressive occlusion of 
the inferior vena cava have been developed indepen- 
dently. 5591417, 18 The rationale for all of these is to pro- 
duce a filter effect which would block the passage of clots 
yet permit enough residual blood flow to minimize the 
occurrence of troublesome stasis sequelae. Recently, 
Mobin-Uddin and co- workers 11,12 have described an 
umbrella-like filter that is introduced through the internal 
jugular vein and advanced under fluoroscopic control to 


' a position just below the renal veins. The advantage of 


this device is that a major surgical procedure can be 
avoided in critically ill patients. There are four disad- 
vantages to this technic. First, interruption of the ovarian 
veins is desirable in female patients. Second, if it is dif- 


ficult to determine the level of junction of the renal veins ` 


and the inferior vena cava (IVC), the umbrella may be 
placed in one iliac vein in patients with a high bifurca- 
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tion of the IVC (this complication occurred in one o: 
our patients). Third, anomalies of IVC may not b 
recognized and may be a source of recurrent emboli 
Finally, the umbrella must be securely fixed in the IVC 
or it may float into the right heart. 

The purpose of this report is to describe a recent ex 
perience in which two Mobin-Uddin umbrella filter: 
were used in a patient with recurrent pulmonary em 
bolism to interrupt a double IVC, and to propose : 
method whereby one of the important theoretical ob 
jections to the use of the transvenous vena cava blockade 
technic may be obviated. 


Case Report 


I. G. 324-30-70-54. A 33-year-old man was admitted to thi 
Medical Service of the West Side Veterans Administration Hos 


‘pital, Chicago, during October, 1970, following the acute onse 


of shortness of breath, left pleuritic pain and a sudden episod: 
of cough and hemoptysis. Shortly thereafter, he became weak 
had profuse diaphoresis and lost consciousness for about ! 
minutes. There had been several previous hospital admission 
for upper gastrointestinal bleeding culminating with a pyloro 
plasty and bilateral truncovagectomy performed in 1965. Upo: 
admission, blood pressure was 100/70 mm Hg, pulse 148/minute 
temperature 99.8°F., and the patient appeared acutely anxious 
The skin was cool and moist. The left calf was warmer thar 
the right, markedly tender to palpation and the Homan's sigi 
was positive. The circumference of the left calf was 2.0 cm 
larger than the right. Crepitant rales were audible in botl 
lung bases with those on the left clearing upon coughing. The 
remainder of the physical examination was unremarkable. The 
chest x-ray revealed prominent vascular markings compare 


Fic. 1. Bilateral simulta- 
neous femoral phlebo- 
grams showing a left 
inferior vena cava cava 
filled with dye. The ar- 
row points to the um- 
brella fixed in the right 


inferior vena cava. 





to a chest film taken 1 year previously. The electrocardiogram 
showed an acute cor pulmonale pattern compatible with pul- 
monary embolism. A lung scan revealed decreased uptake in the 
left peripheral mid lung field and in the lower third of the right 
lung field. Intravenous heparin in divided doses was admin- 
istered and the cough, chest pain, shortness of breath, and calf 
pain progressively diminished and disappeared. 

During the next 4 weeks efforts were made on two occasions 
to reduce the dosage of heparin while Dicumarol was begun. On 
each occasion the patient presented calf tenderness, cough and 
chest pain. 

During the last episode the patient was seized with crushing 
substernal pain which radiated down the left arm. The electro- 
cardiogram for the first time revealed an extensive antero-lateral 


Fic. 2. Antero-posterior 
abdominal roentgeno- 
showing the two umbrel- 
las (pointed by arrows) 
occluding both inferior 
vena cavae. 
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Fic. 3. Lateral abdominal 
roentgenogram showing 
the two umbrellas. 


5 


myocardial infarction. Surgical consultation was requested and 
insertion of a transvenous vena cava umbrella filter was advised. 

On 11/4/70 the patient was given 10 mg. of morphine sulfate 
and 0.45 mg. of atropine intramuscularly and brought to the 
catheterization laboratory where, under local anesthesia, a 5 cm. 
skin incision was made and the right internal jugular vein 
exposed. Through a transverse venotomy a £8 cardiac catheter 
was inserted and passed under fluoroscopic control into the right 
innominate vein, superior vena cava, right atrium, and proximal 
inferior vena cava. At the level of the renal veins the catheter 
was noted to pass obliquely across the aorta from right to left, 
and then to pass downward along the left side of the vertebral 
column. Ten ml. of 60% Hypaque was injected and a normal 
size IVC and the left renal vein were opacified. The catheter 
was passed into the left common iliac and external iliac veins. 
Both kidneys were visualized when the radiopaque dye was 
excreted and the resulting pyelogram was normal. The cardiac 
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Fic, 4. A schematic drawing of the double inferior vena cavae. 
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catheter was withdrawn and the capsule containing the furled 


* umbrella was inserted and carried down to the level of the 


kidneys. At this point the capsule was noted to pass vertically 
downward along the right vertebral border rather than obliquely 
from right to left and down the left side as previously. The 
capsule was passed downward into the right common iliac vein 
and right external iliac vein and then withdrawn to a level 
below the renal pelves. The capsule was emptied of the um- 
brella, sprang open and became fixed firmly in place. The guide 
catheter was detached and withdrawn and the incision closed. 
Seventy-two hours later bilateral simultaneous femoral phlebo- 
grams were obtained (Fig. 1) showing a double vena cava 
with two components of equal size joining at the level of the 
posterior intercardinal anastomosis. The right caval umbrella 
was fixed in proper position and no dye was seen proximal to 
this. Through the previous skin and venotomy incisions, a second 
umbrella was inserted into the left IVC below the left renal vein. 

Postoperatively heparin was discontinued and the clotting time 
returned to normal. Because of the recent extensive myocardial 
infarction. the patient's physical activity was restricted for 3 
No apparent leg edema or varicosities occurred. Leg 
measurements one month later showed no change from pre- 
operative values. Abdominal roentgenograms ( Figs. 2 and 3) indi- 
cated that both caval prostheses remained in good position. The 
patient was reevaluated 9 months after the surgical procedure 
and continued to be asymptomatic. 


Discussion 


Duplication of the inferior vena cava, with large ves- 
sels on each side of the aorta, is a fairly common varia- 
tion.! Davis et al^ found three instances of double in- 
ferior vena cava among 33 successive autopsy specimens 
in one year. In a study of 500 specimens, Reis and 
Esenther ^ found 11 double inferior venae cavae, an 
incidence of 2.2 per cent. Seib !* reviewed the literature 
on caval variations and concluded that the probable in- 
cidence of bilateral postrenal inferior vena cava is ap- 
proximately 3 per cent. Lesser anatomic variations of 
the inferior vena cava are exceedingly common.’ In 33 
human cadavers Edwards" found five types worthy of 
note. The lesser differences represent attenuated or 
abridged segments of vessels which, if perfectly devel- 
oped and retained, would have consitituted one or an- 
other of the major anomalies. 

In our case the two cavae appeared to be of approxi- 
mately equal size and with an arrangement very similar 
to one of the specimens described by Milloy et al." The 
anomalous left inferior vena cava arose posteriorly to 
the common iliac artery from a confluence of the inter- 
iliac and left common iliac veins (Fig. 4). It passed 
cephalad to form a common trunk with the left renal 
vein, which crossed in front of the aorta just below the 


.origin of the superior mesenteric artery and joined the 


right inferior vena cava. The left renal vein received the 
left internal spermatic vein in the usual fashion. 

The importance of these abnormalities is obvious. In 
the critically ill patient in whom open caval interrup- 


tion is being performed, the surgeon does not nor- 
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mally search for a left sided vena cava if the right vena 
cava appears normal in size and position, Likewise, in 
our case if the exploratory catheter introduced initially 
had descended uneventfully on the right side instead 
of fortuitously crossing obliquely to the left, undoubtedly 
the presence of the double vena cava would have gone 
unnoticed. Such errors can be avoided if the various ana- 
tomical variations are kept in mind. 
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Perforated Hepatic Artery Aneurysm and Multiple Aneurysms 
in Incomplete Marfan Syndrome 


E. A. SANTIAGO-DELPIN,* E. MARQUEZ, O. L. RODRIGUEZ, 


NEURYSMS of the hepatic artery are rare in com- 
IX paio to those in other major vessels. Nevertheless 
they are important, since the majority eventually rupture 
into the peritoneum, duodenum or biliary tract.!?9 A 
case of incomplete Marfan Syndrome with multiple an- 
eurysms of the aorta and its branches, in which a hepatic 
artery aneurysm perforated into the common bile duct 
is presented. Factors leading to the preoperative diag- 
nosis and surgical treatment are discussed. 


Case Report 


A 48-year-old man was admitted in November 1969, after 
an episode of hematemesis preceded by right upper quadrant 
pain. Although he suffered several episodes of epigastric and 
subcostal pain for a year which had been relieved by antacids, 
no medical advice was sought. Past medical history disclosed an 
“exploratory laparotomy” in 1948 for a stab wound to the 
abdomen, and an aneurysmorrhaphy of a saccular aneurysm of 
the aorta at the origin of the superior mesenteric artery in 1965. 
This aneurysm wjas assumed to be secondary to the previous 
knife injury. i 

Physical examination revealed a well-developed thin mulatto 
male looking chronically ill, apprehensive, and uncooperative. 
Vital signs and peripheral pulses were normal. His forehead 
was high and the head seemed large. A high-arched palate was 
present. The fingers were long, but the skin, nails and joints 
were normal No eye abnormalities were noted. Examination 
of chest and heart was normal. Mild tenderness was elicited 
over the right upper abdominal quadrant. An ill-defined pulsation 
was palpable in this area, but no mass could be felt and no 
bruits heard. Routine hematologic, coagulation, renal and liver 
function studies were normal except for elevation of the serum 
transaminases (SGOT: 134, SGPT: 126) and hypoalbuminemia 
(3.6 Gm.). Chest x-ray showed a dilatation of the aorta distal 
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to the aortic arch. Gastric analysis and gastroscopy were re- 
ported normal, but upper GI x-rays was compatible with duo- 
denal ulcer. 

An anti-uleer regimen was started but 2 weeks later he 
developed another episode of right upper quadrant pain and 
hematemesis. Re-examination revealed a previously absent systolic 
bruit in the right para-umbilical region. A repeat upper GI 
this time was reported to be normal. Retrograde aortogram was 
performed to disclose the source of the bruit. A large fusiform 
aneurysm of the hepátic and gastroduodenal arteries was found 
(Fig. 1). Small aneurysms of both renal arteries and distal aorta 
were also seen; together with the calcified shell of the' previous 
superior mesenteric artery aneurysm. There was total obstruction 
of this vessel, and arterial circulation to the small bowel flowed 
only via the gastroduodenal aneurysm and the inferior mesenteric 
artery. 

The patient was explored under Arfonad-controlled hypo- 
tension, hypothermia, and cardiopulmonary team standby. A 
large, tense, fusiform aneurysm was found which involved the 
main hepatic artery and a proximal segment of the gastroduodenal 
artery (Fig. 2). The aneurysm was closely adherent to the 


common bile duct. For this reason, the aneurysm was opened , 


under temporary arterial occlusion, and a fistula into the com- 
mon duct was found. Partial aneurysmectomy, hepatic arterior- 


rhapy, aneurysmorrhaphy, suture of the biliary fistula and side: ” 


to-end aorta-gastroduodenal artery teflon graft were performed 
(Figs. 3, 4). The aneurysm, itself, was not resected because 
of its dense adhesions to the bile ducts, but it was trimmed 
and oversewn, The patient had an excellent postoperative course, 
with only minor elevation of the transaminases (less than 200 
KAU). 

Two weeks following discharge, the patient returned to the 
Emergency Room with history of vague lower abdominal aches, 
dizziness and weakness. His abdomen was distended, and fol- 
lowing sudden, agonizing abdominal pain he developed cardio- 
vascular collapse and’ cardiac arrest. An abdominal tap was 
frankly bloody. Successful resuscitation was achieved with closed 
cardiac massage and rapid fluid transfusion. He was rushed 
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Fic. 1. Retrograde aortogram showing multiple aneurysms. 


to the Operating Room, and a ruptured pseudoaneurysm at 
the aortic end of the previously placed graft was found. Cultures 
of the graft were taken but since no gross infection was seen, 
the dehisced graft was resutured to the aorta. 

On the sixth postoperative day, he again developed severe 
abdominal pain and shock. Re-exploration showed the teflon 
graft again dehisced. It was removed, the aorta was sewn and 
the gastroduodenal artery was ligated. Cultures grew coagulase 
positive Staphylococcus aureus. After 2 weeks in poor general 
condition he suffered three brief episodes of hematemesis, but 
radiologic and endoscopic work-up failed to localize any lesion. 
He was re-explored, and during the dissection he developed 
uncontrollable gastric bleeding, ventricular fibrillation and un- 
responsive cardiac arrest. 

At autopsy, dolichocephaly, high-arched palate and multiple 


‘aneurysms of the systemic arterial circulation were found. The 


multiple aneurysms were located in the thoracic aorta, left and 
right renal arteries, hepatic and gastroduodenal arteries, and 
both mesenteric arteries. The hepatic artery, was still patent. 
The origin of the superior mesenteric artery was occluded by 
a thrombus and encircled by silk sutures (presumably from the 
original repair in 1965). The remainder of this blood vessel 
was represented by a cylindrical fibrocalcific mass, that measured 
7 X 3 cm. The inferior mesenteric artery presented, a small, 
.Spherical aneurysm at its origin. No continuation of this vessel 
could be traced beyond the aneurysm. The remaining aneurysms 
did not interfere with blood flow at their respective locations. 
Microscopically, cystic necrosis of the media was found in the 
wall of all aneurysms. This change was also seen in portions 
of other arteries not involved by gross aneurysms. 

Most of the abdominal cavity was obliterated by extensive 
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fibrous adhesions. The common bile duct was patent and the 
previous fistula was closed. A pulsion diverticulum was found 
in the posterior wall of the first segment of the duodenum. A 
1 cm, pseudo-aneurysm arising from the gastroduodenal remnant 
had ruptured into this diverticulum. The jejunum contained 
2,000 ml. of blood. The lungs, heart, spleen and endocrine 
glands were within normal limits. The kidneys showed evidence 
of nephrosclerosis. 


Discussion 


of ocular, 
dislocation, 


Classically, Marfan's Syndrome consists 
vascular and skeletal abnormalities. 
extreme myopia, strabismus, arachnodactyl, kyphosis, 
joint hypermobility, scoliosis, dolychocephaly, and high- 
arched palate have been associated with it. Several au- 
thoritative articles have emphasized the cardiovascular 
deformities 131819 in the aorta, valves and conduction 
system 

Our patient demonstrated typical cystic medionecrosis 
of the aorta and major branches. Although dolichoceph- 
aly, long fingers and high-arched palate were also 
present, other manifestations of Marfan's Syndrome such 
as the family history, ocular anomalies and skeletal de- 
formities were absent. McKusick 181° has summarized 
the vascular abnormalities found, and these include aneu- 
rysms of the thoracic aorta, dilatation of aortic ring, 
aneurysms of the pulmonary artery, septal defects, valvu- 
lar insufficiency, dysrhythmias, and rarely aneurysms of 
the abdominal aorta. Marvel !? suggests that most of the 
lesions are found in the cardiopedal vessels. Except for 
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Massumi !" multiple aneurysms and hepatic artery aneu- 
rysms have not been reported in connection with Mar- 
fan's Syndrome.® 13.20.25 Nevertheless, even patients who 
present a negative family history, and only few extra- 
cardiac manifestations may still show cystic medionecro- 
sis of the aorta with resulting aneurysm formation.* 9:17. 
15.27 This occurrence is sometimes referred to as "Incom- 
plete Marfan's" or "formes frustés," and we believe our 
case represents this diagnosis. 

Multiple aneurysms of the aorta and its large branches 
as presented by this patient is a relatively rare condi- 
tion (Table 1). They are found associated with syn- 
dromes involving connective tissue defects such as the 
Ehlers-Danlos Syndrome. Imahuri 1! reported a woman 
with this syndrome and multiple symptomatic aneu- 
rysms, who died of an acute rupture of a splenic artery 
aneurysm. Multiple intrahepatic aneurysms have been 
reported in a case of polyarteritis nodosa.* Stern ?* re- 
ported two cases of coarctation of the aorta with mul- 
tiple aneurysms in the aorta, innominate artery, both 
subclavian arteries, multiple intercostal arteries, and the 
carotid artery. Borman and Schiller? reported one pa- 
tient with aneuzysms of the distal aorta and iliac arteries 
in a patient with Oslers Disease. “Aneurysmosis” has 
been reported as occurring in male patients with aneu- 
rysms of the popliteal artery. These patients are found to 
have multiple aneurysms in the contralateral popliteal 
artery, the ilio-femoral systems and the aorta.! “Idiopatic 
medial aortopathy and arteriopathy,"* could be con- 
sidered in the differential diagnosis. This condition is 
characterized by a patchy destruction of the elastic and 
muscle fibers of the media with secondary fibrosis of the 
intima, which sometimes results in weakening of the 
arterial wall leading to aneurysm formation. Finally, 
multiple aortic aneurysms in twins with Marfan's Syn- 
drome have been reported by Massumi.'® This report is 
the first to recognize multiple aneurysms in relation to 
Marfan's. 

Aneurysms of smaller intra-abdominal vessels are un- 
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common, with the splenic artery being the most fre- 
quently affected. One hundred and eighty-two cases 
of aneurysms of the hepatic artery had been reported up 
to 1970.7" The reported mean age of patients with 
hepatic artery aneurysms is 38 years, and the male: 
female ratio; 2:1.7 Systemic infection, arteriosclerosis, 
cholecystitis, trauma, chronic granulomatous infections 
and arterial defects have been described as possible 
etiologies.":?"'".°" Cystic medial necrosis has been present 
in at least three cases,*?* though the overt diagnosis of 
Marfan's Syndrome has been conspicuously absent. 
Hepatic artery aneurysms most frequently present 
with epigastric or right upper quadrant pain. This pain 
is usually dull and constant, although colics can be 
seen especially when hemobilia is present. It is not 
infrequent to see episodes of upper abdominal pain 
relieved by an ensuing bout of hematemesis. Our in- 
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. stance presented in this manner, although the nature 


of the illness was not suspected until the abdominal 
bruit was detected. The presence of a pulsating mass 


—*- has been reported, but this is not frequent. Jaundice 


may occur, ?^27529 and this finding in the presence of 
pain and hematemesis represent the classic triad of 
diagnostic symptoms. This triad should alert the surgeon 
to the possibility of hepatic artery aneurysm. The great 
majority of these patients are first seen after rupture 
of aneurysm.*!' Approximately 50% of the patients 
present with rupture into the peritoneal cavity, while 
the remaining half perforate into the biliary tract, 
stomach, duodenum, and portal vein.^!* For these rea- 
sons the diagnosis was seldom made before operation 
or autopsy. In recent years, however, increasing aware- 
ness of the lesion and a more widespread use of intra- 


_ +e abdominal angiography, have resulted in a greater num- 
7X ber of patients receiving earlier surgical therapy. Radio- 


logic signs include compression defects of the duodenum 
and gallbladder," a calcified aneurysmal wall 1721 and 
visualization of the aneurysm by angiography.??? Intra- 
abdominal angiography is a valuable diagnostic study 
in these cases.?-22,27,28,29 
Although the first surgical cure of hepatic aneurysms 
was performed by Kehr in 1903, up to 1956, only five 
patients had survived operation? Aneurysms of the 
hepatic artery should be treated by exclusion of the 
lesion from the bloodstream without compromising the 
arterial distribution. Preservation of arterial liver flow 
is critical, but ligation of the hepatic artery has been 
successfully employed 11 times. The following pro- 
cedures have been performed with varying degrees 
of success: ligation, excision, excision and direct re- 
anastomosis, excision and re-anastomosis using prosthesis, 
splenohepatic anastomosis, wiring, wrapping, gastric 
artery anastomosis, obliterative endoaneurysmorrhaphy, 
reconstructive endoaneurysmorrhaphy and left or right 
hepatic lobectomy for intrahepatic lesions.?5:678,10,17.21, 
75262729 The procedure of choice will obviously depend 
on several factors: The location of the aneurysm, the 
' site of bleeding, the etiology, the amount of local fibrosis 
and adhesions, and the age and condition of the patient. 
In our case, we elected to do partial resection and 
aneurysmorrhaphy, an operation performed without any 
liver ischemia and good pexmanent liver flow. 
A Teflon graft anastomosis was used in this patient to 
re-establish gastroduodenal artery flow, since the arterio- 
gram showed intestinal filling only through the aneurysm 


bd * and the inferior mesenteric artery. This was done despite 


the potential contamination with bile during the opera- 
tion, and eventually the graft had to be removed because 
of bleeding and infection. Although the flow then 
presumably occurred via the inferior mesenteric artery, 
post-mortem examination showed occlusion of this vessel 
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Multiple Arterial 





Author Systemic Disease Aneurysms 
Imahuri! / Ehlers-Danlos Syndrome Splenic, coronary temporal, 
radial, superior, 
mesenteric, intracranial 
Bron! Polyarteritis Nodosa Intrahepatic 
Stern Coarctation of Aorta Aorta, innominate, sub- 
clavian, intercostal, 
carotid 
Borman? . Osler's Disease Aorta, iliac 
Beal! " Aneurysmosis" Popliteals, aorta, femorals 
Massumi!* Marfan Syndrome Aortic 
Santiago Marfan Syndrome Aortic, renal, hepatic, 
(Present gastroduodenal, superior 
Report) ` and inferior mesenteric 











by a thrombosed aneurysm. In order to explain this puz- 
zling finding we postulate that the upper intestinal tract 
was deriving its blood supply from the gastric and splenic 
arteries, while the lower intestinal tract received blood 
from the branches of the hypogastric arteries. The very 
extensive and vascular adhesions found may have had 
some significance in the collateral circulation of the in- 
testines. 


Summary 


A patient with cystic medial necrosis of the aorta and 
its larger branches is presented. This patient had multi- 
ple arterial aneurysms, including one in the hepatic ar- 
tery which ruptured into the common bile duct resulting 
in upper GI bleeding. Although the diagnosis was 
made preoperatively and partial aneurysmectomy with 
aneurysmorrhaphy were successfully performed, the pa- 
tient eventually succumbed to complications of both 
the disease and the surgical procedure. The case is 
considered rare and the manifestations of hepatic artery 
and multiple aneurysms are discussed in relation to con- 
nective tissue defects found in Marfan's Syndrome. 
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Congenital Aneurysm of the Extracranial Carotid Arteries 


: HE INCREASING NUMBER Of patients with atherosclero- 
hs 


E 


Y 


sis and the availability of better technics for vascular 
radiology suggest that arterial aneurysms will be found 
in ever greater numbers. Most aneurysms result from 
atherosclerotic degeneration or trauma. The syphilitic 
and mycotic aneurysms of the past are decreasing in fre- 
quency as infectious processes are better controlled. 
Cystic medial necrosis and fibromuscular hyperplasia are 
responsible for a small number of aneurysms. Congenital 
aneurysms are rare. 

Even though the carotid arteries are frequently af- 
fected by atherosclerosis, aneurysms of the extracranial 
carotid arteries are uncommon when compared to the 
total number of aneurysms which occur throughout the 
arterial tree,2?.612.11.1921 Beall and associates operated 
upon only seven extracranial carotid artery aneurysms 
in a series of 2300 operations for arterial aneurysms.? 
Houser and Baker found only eight cervical carotid 
aneurysms in 5,000 angiograms of the cervical and 
cerebral arteries.!? 

Congenital carotid aneurysms are frequently found in 
the intracranial arteries but are extremely rare in the 
cervical carotid arteries. In 1884, Gay ' reported the 
case of a 27-year-old man in whom bilateral, enlarging 
‘common carotid artery aneurysms had been present 
since age 7. He successfully ligated both common carotid 
arteries proximal to the aneurysms. This instance may 
represent the first report of a congenital carotid aneu- 
rysm, although the type of aneurvsm can only be sur- 
mised since a pathologic examination was not performed. 
In 1966, Alexander! reported the case of a 32-year-old 
man with bilateral congenital aneurysms of the internal 
*carotid arteries which were 1 cm. distal to the bifurcation 
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of the common carotid artery. Resection of the aneu- 
rysms was not performed although a neurologic deficit 
was present. These two reports represent the only pre- 
sumed cases of isolated extracranial congenital carotid 
artery aneurysms that we were able to find. 

The opportunity to see and successfully treat two pa- 
tients with congenital carotid artery aneurysms has 
prompted this review. 


Case Reports 


Case 1. L. H., a 23-year-old man was in good health until 
1 month prior to admission to the Duke University Medical 
Center in April 1970 when he fell onto his back and buttocks 
from a height of 5 feet. A diagnosis of lumbosacral strain was 
made at the local hospital. During examination he had a harsh 
systolic murmur over the left common carotid artery. After 
discharge he experienced transient, 5 to 10-minute, episodes of 
left arm weakness and numbness. He experienced eight such 
attacks in the month prior to clinical evaluation. 

The patient's past history included a laceratede left ulnar nerve 
which was repaired surgically at age 15. He was involved in 
an automobile accident at age 20, in which he sustained the 
loss of several teeth and a sprained knee and ankle. The patient 
did not recall any trauma to his neck. 

Physical examination revealed a loud Grade IV/VI, low pitched, 
systolic murmur over the distal left common carotid artery. The 
left common carotid pulse was perceptively weaker than the 
right. The remainder of the physical examination, including 
examination of the peripheral vasculature and neurologic sys- 
tems, was normal. 

The hematologic tests and skull, spine, and chest x-rays at 
admission were normal. Electrocardiogram, electroencephalogram, 
and brain scans were also normal. An aortic arch arteriogram with 
selective carotid injections demonstrated a bulbous deformity 
of the left common carotid artery 3 cm. proximal to its bifurca- 
tion (Fig. 1). 

The transient weakness of his left arm was felt to be on the 
basis of a focal motor disorder and not related to the aneurysm. 
At operation a 1.5 cm. saccular aneurysm of the left common 
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Fic. 1, Carotid arterio- 
gram demonstrating an 
aneurysm 3 cm. proxi- 
mal to the left common 
carotid bifurcation. 





Fic. 2. Operative photo- 
graph of the aneurysm in 
patient L. H. 
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Fic. 3. Cross section of 
the aneurysm revealed 
the media to be dis- 
rupted. There was a de- 
crease in elastic connec- 
tive tissues. A break in 
the elastic fibers is read- 
ily apparent. (10x ) 


carotid artery was found immediately below the carotid bifurca- 
tion (Fig. 2). The aneurysm was resected and replaced with 
a saphenous vein autograft. The operation was accomplished 
using general anesthesia and hypercarbia. Pathologic examination 
of the aneurysm which the intima 
abruptly discontinuous over a length of 0.4 cm. Microscopic 
sections showed the media to be disrupted. Only a few elastic 
and connective tissue fibers were seen in the wall of the aneurysm. 
No inflammatory cells or hemosiderin deposits were seen (Fig. 3). 

Case 2. H. H., a 28-year-old man came to the Duke Uni- 
versity Medical Center in 1963 for an evaluation of headaches 
which had been present since childhood and had recently in- 
creased in severity and frequency. The headaches were pre- 
ceded by visual defects which included blurring of vision fol- 
lowed by homonymous hemianopsia. The visual disturbances 
varied, randomly, from right to left. A mild hemiparesis and 
hemianesthesia, randomly involving either side of the body, 
also preceded the headaches. There had been no seizures or loss 


revealed an area in was 


of consciousness. 

He worked as an automobile repairman. His family history 
was positive for migraine headaches. Except for the headaches 
and neurological problems, he had always been in good health. 

Physical examination revealed an easily palpable systolic thrill 
over his right neck. A nonradiating Grade IV/VI systolic bruit 
was heard over the mid-portion of the right common carotid, 
artery, The remainder of his general, vascular, and neurological 
examination was unremarkable. The initial impression was an 
arteriovenous malformation and migraine headaches. 

Hemoglobin, white blood cell count, urinalysis, skull x-rays, 
EKG, and EEG were normal. A right retrograde brachial arterio- 
gram demonstrated an aneurysm of the right common carotid 
artery which was located 8 cm. from the origin of the right com- 
mon carotid artery. Because of uncertainty associated with the 
neurologic difficulties, the patient underwent operation. The 
sured 2.5 cm. in length* 





aneurysm was saccular in shape and me: 
and 2 em. in diameter. The operation was performed with general 
anesthesia and hypothermia. An internal shunt was used to 
prevent cerebral ischemia during the procedure. The carotid 
artery was sufficiently elastic to permit end-to-end anastomosis 
without excessive tension. The patient made an uneventful re- 
covery and was discharged with no neurologic sequelae. 


y 


v 


Vol. 176 * No. 6 


Pathological examination of the aneurysm revealed a thin 
walled artery in which marked fibromuscular dysplasia and dis- 
organization of elastic fibers was present. No evidence of in- 
flammation or hemosiderin deposit was noted. The microscopic 
findings (Figs. 4a and 4b) were believed to represent those of 
a congenital aneurysm. 


Discussion 

Etiology. The relationship of developmental medial de- 
fects of intracranial arteries to intracranial aneurysms 
was emphasized by Forbus in 1930.'? These defects are 
usually present at the bifurcation of vessels where em- 
bryological joining of the arteries occurs. These medial 
defects are not seen (and saccular aneurysms of the 
"berry-type" are rarely present) in the extracranial ar- 
teries. Beading and elongation of the carotid arteries in 
association with fibromuscular dysplasia has recently 
: been reported,'* but true aneurysm formation was not 


X present. Patients with Marfan’s syndrome and cystic me- 


dial necrosis of arteries often demonstrate diffuse en- 
largement of all vessels, especially the proximal vessels, 
and occasionally develop aneurysms of the central 
larger arteries. Atherosclerosis, or trauma, is the etiology 
of most carotid aneurysms. 

In 1968, Marquis and associates !? reported a series of 
cases in which aortic and proximal arterial aneurysms 
were associated with patchy destruction or tears in the 
media. He termed this condition idiopathic medial ar- 
teriopathy. These aneurysms were multiple and assq- 
ciated with various immunological aberrations, such as 
lupus erythematosus, scleroderma, or rheumatoid arfhri- 
tis. i 

The aneurysms described in this report had features 
which could place them in several of the above men- 
tioned categories. Both were localized and saccular with 
a medial defect similar to the "berry" variety of intra- 
cranial aneurysm, although neither occurred at or near 
a vessel branch. Both exhibited dysplastic megial 
changes similar to that seen in fibromuscular dysplasia, 
or idiopathic medial arteriopathy. However, neither pa- 
tient demonstrated multiple arterial involvement nor an 
‘immunological dysfunction. The absence of hemosiderin 
and inflammation in the aneurysmal wall suggests a non- 
traumatic origin for the aneurysm. Neither specimen 
showed evidence of cystic medial necrosis nor athero- 
sclerosis. 

It would seem that the two localized aneurysms herein 
reported occurred because of a developmental cleft in 
the media, or, perhaps, a focal medial ectasia which sub- 


* *sequently resulted in a medial tear or cleft and aneu- 


rysm formation. 

Natural History. The limited number of congenital ex- 
tracranial carotid artery aneurysms precludes any statis- 
tically significant discussion of the natural history of 
these lesions. However, behavior of other carotid aneu- 
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Fic. 4a. Cross section of the aneurysm from patient H. H. There 
is marked disorganization of elastic fibers and fibromuscular dys- 
plasia. (10x ) 


rysms may offer some insight into the behavior of these 
aneurysms, Intracranial arterial aneurysms usually rup- 
ture when they reach a diameter of 6-15 mm,* and their 
progressive enlargement can only be arrested by throm- 
bosis and organization within the aneurysm sac. In a 
series of 106 cases of extracranial internal carotid aneu- 
rysms Winslow ?* reported a 707 mortality in patients 
who were treated expectantly. Although rupture of an 
acquired carotid aneurysm is rare, bleeding from the ex- 
ternal auditory canal, mouth or eustachian tube as a re- 
sult of aneurysm rupture has been reported.5?^?* Cen- 
tral neurologic complications as a result of focal ischemia 
from emboli from the aneurysm are common.* Compres- 
sion of surrounding structures has been the cause of 
nerve palsies and respiratory distress. An occasional 
aneurysm may be mistaken as a "mass in the neck" and 





Fic. 4b. This microphotograph clearly demonstrates the disorgani- 
zation of elastic fibers and of the fibromuscular tissue. (100x ) 
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incised and drained with disastrous results. Congenital 
aneurysms should obey LaPlace’s law like other aneu- 
rysms and most likely will develop complications similar 
to those of acquired aneurysms, i.e., rupture, thrombosis, 
source for emboli, and compression of surrounding 
structures. 

Treatment. In 1805, Sir Astley Cooper was the first to 
ligate the common carotid artery as treatment for a 

carotid artery aneurysm. Hemiplegia developed and the 

patient died. In 1808 he performed the first successful 
surgical procedure on a carotid aneurysm when he li- 
gated the common carotid artery for a large aneurysm 
of the internal carotid artery. The patient died 13 years 
later of “cerebral apoplexy”.? Proximal ligation remained 
the accepted method of treatment until relatively re- 
cently, although Reid noted “the results were bad” in 12 
cases of carotid aneurysms treated by varying combina- 
tions of proximal or distal ligation in 1926. Ancurys- 
morrhaphy !5 received a brief trial as management for 
aneurysms. In 1955, Shea,!* utilizing vascular technics 
found to be applicable in other aneurysms, reported the 
first case of common carotid aneurysm which was 
treated by excision and end-to-end anastomosis. Shea 
and co-workers anastomosed the common carotid to the 
internal carotid artery after excising a mycotic aneu- 
rysm. During the last decade, excision and end-to-end 
anastomosis or replacement grafting has been accom- 
plished with safety because of methods developed to 
avoid the deleterious effects of cerebrovascular interrup- 
tion. 

Hypercarbia,? hypertension," vascular shunts,? and 
general anesthesia ? are all valuable and widely used 
intraoperative protective measures. Hypothermia,” 
while also beneficial, has its own peculiar complications 
and is less widely applied. The use of ipsilateral carotid 
compression during preoperative angiograms to evaluate 
the extent of intracranial crossover collateral circulation 
has been used to predict tolerance to carotid occlusion. 
It is doubtful, however, that the presence of crossover 
collaterals denotes absolute protection against ischemia." 

Our two patients were treated by resection of the aneu- 
rysm with end-to-end anastomosis in one and vein graft 
replacement in the other. A combination of measures 
were utilized to protect against cerebral ischemia during 
the operations. Both patients recovered with no evidence 
of neurologic deficit. There are no data to suggest that 
congenital extracranial carotid aneurysms should be 
treated differently from acquired carotid aneurysms. Re- 
section of the congenital aneurysm may be accomplished 
with less risk than that which accompanies resection of 
the more commonly acquired arteriosclerotic aneurysm 
because of the almost invariable accompaniment of ob- 
structive lesions elsewhere in the carotid-vertebral ar- 
terial system in the latter group. 
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In order to prevent the possible sequelae of rupture, 
embolization, thrombosis, or compression, it is suggested 
that all congenital extracranial carotid aneurysms should 
be treated by excision and primary reconstruction of the 
carotid artery whenever possible and feasible. 


Summary 


Two cases of aneurysms of the common carotid artery 
are presented. Pathologic examination indicated that the 
aneurysms were congenital in origin. Both aneurysms 
were successfully resected and thought to represent the 
only congenital aneurysms of the extracranial carotid aft- 
tery to be successfully treated by surgical therapy. 

The eitology, nature, and treatment of congenital ca- 
rotid aneurysm is discussed. With modern surgical and 
anesthetic measures, resection of the aneurysm with res- 
toration of vascular continuity can be performed with 
very little risk and is the recommended form of treat- 
ment. 
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Primary Closure of Civilian Colorectal Wounds 


HE MORTALITY AND MORBIDITY from acute injuries 
de the colon have been reduced continuously by 
aggressive surgery during the twentieth century. Dur- 
ing World War I, when the method of treatment was 
primary closure, the mortality rate was 602. In World 
War II, the preferred method of treatment was ex- 
teriorization or proximal colostomy and the mortality 
rate fell to 31.4%. In the Korean War, the mortality 
rate further decreased to 154.2959 This decrease was 
achieved by rapid transporting of the injured to hos- 
pitals and improvement in resuscitative measures. Ex- 
teriorization and proximal colostomy subsequently be- 
came popular in civilian practice (Table 1). 

It has now become evident that exteriorization or prox- 
imal colostomy may not be necessary in the majority of 
civilian injuries (stab and gunshot wounds), since these 
procedures are associated with prolonged convalescence 
and additional operations. Several authors have advo- 
cated primary closure in civilian injuries caused by low 
velocity bullets, contending that the improvement in mor- 
tality rates reflected advances in rapid transportation of 
patients to hospitals soon after injury and more effective 
resuscitative measures. The time interval from injury to 
treatment has been regarded as significant. All au- 
thors ?-? agree that results improve when surgical treat- 
ment is prompt, especially within 6 hours. Beyond. this 
"golden period" of six hours, contamination progresses 
to infection in the wound} 


Clinical Material 


The records of 138 patients treated for colorectal in- 
juries at the Harlem Hospital Center, from 1960 to 1970, 
were analyzed in this retrospective study. There were 70 
gunshot wounds, 65 stab wounds, and three injuries due 
to blunt trauma. The average age of the patients was 34 
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years, ranging from 16 to 63 years. There were 17 deaths, 
an overall mortality of 12.3%. Four patients died pre- 
operatively during resuscitation in the emergency room 
or in the operating room. Excluding the preoperative 
deaths, the mortality rate was 9.7% (Table 1). The mor- 
tality from gunshot wounds was 11.94% and from stab 
wounds 4.62 (Table 2). The mortality from colonic in- 
jury due to blunt trauma was 100% in three cases (Table 
2). - 
Of the 134 patients remaining after exclusion of the 
preoperative deaths, 83 (61.9%) had primary closure 
without proximal decompression, Of these 83, 31 
(37.3%) had gunshot wounds, 51 (61.5%) stab wounds, 
and one (1.22) had blunt trauma. Thirty-seven (44.6%) 
of the patients with primary closure had only colon in- 
jury with no moftality and the other 46 (55.4%) had 
associated injuries to multiple organs with two deaths. 
The overall mortality rate for primary closures was 2.4. 
Neither death was attributable to the operative proce- 
dure (Table 2). 

The transverse colon was the most common site of in-' 
jury. Colon wounds closed primarily in decreasing: order 
of frequency were: transverse colon, ascending colon, 
descending colon, sigmoid colon, and rectum (Fig. 1). 

Thirty-two patients (38.62) were operated upon 
within 2 hours and 76 (91.62) within 6 hours. Seven 
patients (8.4%) were operated upon between 7 to 16 
hours. The time of injury could not be ascertained in all 
instances. However, the majority of the patients arrived" 
in the hospital within 1 hour of injury. 

There was local gross fecal contamination in 29 pa- 
tients (3492) and 17 patients (20.5%) had general- 
ized gross fecal contamination (Table 3). There were 11 
(13.3%) subcutaneous abdominal wound infections and 
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TABLE i. Historical Review of Mortality Rates for Colon Injuries TABLE 3. Degrees of Contamination in Primary Closure» . 
Postoperative Number Per 
Number Mortality % of Cases Cent 
World War 15 59.6 1. No gross fecal contamination 15 18.1 
World War II* 4,939 Cases 31.4 2. Minimal local gross fecal contam- > 
Korean Conflict 1954 15.0 ination—Small local hematoma— 
Charity Hospital*— 1945-57 Civilian 10.4 No gross hemoperitoneum 22 26.5 
Louisiana Cases—128 3. Local gross fecal concamination— 
Grady Memorials 1950-65 Civilian 14.6 hemoperitoneum « 500 cc. 29 34.9 
Hospital—Atlanta, Ga. Cases—266 4. Generalized gross fecal contamination ; 
Harlem Hospital— 1960—70 Civilian 9.7 — Massive hemoperitoneum > 500 cc. 17 20.5 
New York City— Cases—134 — — 
Present Series Total 83 100 





no fistulae, although five patients had persistent puru- 
lent drainage from the drain site lasting up to 2 weeks 
(Table 4). | 

Eighty per cent of the patients with primary closure 
were in hospital less than 2 weeks and 20% from 2 weeks 
to 1 month. In other procedures the average duration of 
the hospital stay was 3 to 4 months (Table 5). There 
were primary closures in four patients (three stab, one 
gunshot) with associated pancreatic injury and in three 
patients (two stab, one gunshot) with associated injury 
to the duodenum. One patient who had an extraperi- 
toneal rectal injury, with no attempt at repair or proximal 
diversion of the fecal stream, had no complications. 























TABLE 2. Comparative Mortality in 138 Cases of Colorectal Injuries 
Gunshot Stab Blunt 
Wounds Wounds Trauma Total 
Totals 70 65 3 138 
Mortality: 
Preoperative Deaths 3 0 1 4 
Postoperative Deaths — 8 3 2 13 
Postoperative 
Mortality % 11.94 4.6 100 9.7 
Primary Closures: 
Number of Cases 31 51 1 83 
Per Cent of Total(83) 37.3 61.5 1.2 
Only Colon Injury 9 28 0 37 (44. 6%) 
Colon and Other 
Organ Injury 22 23 1 46 (55.4%) 
% of Primary 
Closures (134 cases) 61.9 
Mortality: 
Number of Deaths 0 1 1 2 
Per Cent 0 2 100 2.4 
Primary Resections: 
Number of Cases 2 0 0 2 
Mortality: 
Number of Deaths 2 0- 0 2 
Per Cent 100 0 0 100 
Other Procedures: 
Number of Cases 34 14 1 49 
Mortality: 
Number of Deaths 6 2 1 9 
Per Cent 17.6 14.3 100 18.4 





The common factors in cases of subcutaneous abdom- 
inal wound infections were as follows: nine patients had 
multiple visceral injury, massive hemoperitoneum; or op- 
erating time longer than 2 hours; six patients hàd per- 
sistent shock and fve patients had fecal contamination 
of more than 2 plus ( Table 3). The size of the perfora- 
tions ranged from 0.5 cm. to 3 cm., although no accurate 
information could be ascertained in most of the cases. - 

The factors contributing to the death of patients were 
classified as follows: (1) patient's disease; (2) error in 
diagnosis; (3) error in judgment; (4) error in technic; 
and (5) error in management. 

There were 17 deaths, four occurred preoperatively. 
Of the 13 postoperative deaths, two were among 83 pri- 
mary closures and both were classified as due to the pa- 
tient's disease. Both patients died in the immediate post- 
operative period with multiple organ trauma and one 
had, in addition, laceration of the brain. Two other pa- 
tients underwent primary resection for shattering gun- 
shot wounds of tke colon. One patient with multiple 
organ trauma and severe hemorrhagic shock underwent 
left hemicolectomy and died on the 11th postoperative 
day in renal failure secondary to prolonged shock. Per- 
haps exteriorization instead of resection would have 
saved operating time and would have *diminished the 
period of shock. This death, therefore, was deemed to 
have as a contributing factor an error in judgment. The 


TABLE 4. Wound Healing Complications in Primary Closure 
yersus other Procedures 





Primary Other 
Closure Procedures 
Infection at stab wound site 5 (6.0%) 0 (095) 
Infection at bullet wound site 1(1.2%) ` 0 (0%) 
Subcutaneous wound infections 11 (13.3%) 5 (9.8%) 
Wound dehiscence 0 (0%) 5 (9.8%) 
Persistent purulent drainage at the 
drain site 5 (6.0%) 3 (5.9%) 
Pancreatic fistula at the drain site 2 (2.4%) 1 (1.995) 
Small bowel obstruction 0 (095) 5 (9.8%) 
Pelvic abscess 1 (1.290) 1 (1.995) 
Generalized peritonitis 0 (095) 3 (5.995) 








784 


O: Primary closure 
% = %Primary closure 





Fic. 1. Location of colon injuries which were closed primarily 
with numbers and percentages. 


second patient with a shattering wound of the cecum 
developed massive contamination from cecal and small 
bowel perforations. In profound shock, the patient un- 
derwent right hemicolectomy and developed consump- 
tion coagulopathy, generalized peritonitis, and died on 
the 12th postoperative day. Death was attributed to the 
disease since, at autopsy, the ileo-colostomy was intact. 
Nine patients died after the two-stage procedures, 
eight of whom had undergone exteriorization. Of 
these, six died as a result of the disease with multiple 
organ trauma, profound shock and genralized peri- 
tonitis in the immediate postoperative period. Two pa- 


TABLE 5. Comparison of the Average Hospital Stay in Primary 


Closure and other Procedures 








Hospital Number of Per 

Stay Cases Cent 

Primary Closure <2 wks. 66 79.5 

2-4 wks. 17 20.5 

Other Procedures 

Exteriorization 4 mos. 20 
Transverse colostomy 3 mos. 16 
Cecostomy 1 mo. 7 
Sigmoid colostomy 4 mos, 6 
Primary resection 12 days 2 
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TABLE 6. Comparable Series of Primary Closures 


and the Mortality Rates 








Cases of 
Primary Mortality 
Series Years Repair Per Cent 
1. Isaacson$ 1945-57 49 (38.3%) 2.08 
Charity Hospital, Louisiana 
2. Roof? 1949-59 144 (78.7%) 7.0 
Jefferson Davis Hospital 
3. Vannix? 1956-62 69 (52.3%) 5.8 
Loma Linda University 
4. DeBakey? 1949-62 220 (80.9%) 5.5 
Jefferson Davis Hospital 
5. Haynes’ 1950-65 100 (37.6%) | 2.0 
Emory University 
6. Harlem Hospital Center 1960-70 — 83 (61.9%) 2.4 


New York City 
Present Ser es 





tients died due to error in technic—one died 60 days 
after the initial operation and 4 days following closure 
of the colostomy with exsanguinating rectal bleeding. 
The other patient had persistent bleeding from a con- 
comitant laceration of the stomach and later devel- 
oped a gascric fistula. He died on the 71st day after 
injury despite a second operative gastrorrhaphy. The 
ninth death was caused by an impalement injury to 
the extraperitoneal rectum. The patient underwent a 
right transverse colostomy with drainage of the extra- 
peritoneal rectal wound through the suprapubic re- 
gion. The extraperitoneal rectal space was dissected 
through the intact peritoneal cavity and the laceration 
could not be adequately visualized because of hema- 
toma. This was deemed to be an error in judgment as 
the peritoneal cavity was thus exposed to continuing 
contamination without adequate drainage of the per- 
foration and, furthermore, proximal decompression 
should have been a diverting sigmoid colostomy. This 
patient died of generalized peritonitis. 


Management 


In the immediate care of the patient it was very 
important to note the time of injury and the size 
and shape of the weapon, and to examine the patient 
thoroughly for other sites of injury. This included: 
nasogastric aspiration, rectal examination for blood, 
proctosigmaidoscopy in suspected rectal wounds, ab- 
dominal x-rays for free air, intravenous pyelogram, 
and cystogram in cases of hematuria. In the thoraco- 
abdominal wounds, serious intrathoracic injury was 
ruled out by physical examination and chest x-ray. 
In suspicious cases a ‘tube thoracostomy was performed. 
to monitor and stabilize the pleural cavity before and 
during operation. Tetanus toxoid and broad spectrum 
antibiotics were given immediately in the presence of 
peritonitis. Fluid, electrolyte and blood deficits were 
corrected. Those patients with uncontrollable hemor- 
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rhagic shock underwent emergency operation which 
precluded many of the above investigative procedures. 
A prompt decision was made for exploratory surgery 
even in stable patients. 

Although no single policy governed the choice of 
procedure for repair of colorectal wounds, each case 
was considered individually according to absolute and 
relative contraindications for primary closure. Gen- 
erally, the absolute contraindications for use of pri- 
mary closure were: delay in operation with frank 
peritonitis, high velocity rifle bullet wounds, explo- 
sive and shotgun injuries with shattering wounds of 
the colon, extraperitoneal rectal wounds, blunt trauma, 
severe tissue destruction with extensive intramural 
hematomas or mesenteric vascular dàmage; massive 
whole body trauma, and extreme shock. The relative 
contraindications were: massive contamination and se- 
vere pancreatic or duodenal injuries. 

The various procedures used were: (a) primary 
closure of the injured site; (b) primary closure with 
proximal decompression; (c) exteriorization; (d) re- 
section of the colon with anastomosis; (e) various 
combinations of the above procedures performed for 
multiple sites of colonic injury. 

Operative matiagement was instituted by rapid ex- 
ploration of the abdomen through a midline iricision. 
Hemorrhage was controlled and perforations of the 
gastrointestinal tract were isolated temporarily with 
noncrushing clamps to prevent further spillage. Speci- 
mens were obtained for bacterial culture. Individual 
injuries to the colon were repaired using two layer 
transverse closure after debriding the necrotic edges 
of the wound. The “rule of two” was always applied: 
for any odd number of perforations a careful search for 
another perforation was made before labeling one as a 
tangential wound. l 

It is of historical interest that the lethal nature of 
rectal wounds was recognized in antiquity. Two 
thousand years ago the Chinese used impalement as 
a method of execution. The English also employed 


' this method when they wished to avoid external evi- 


NeT e 


dence of execution in certain dignitaries.* The rectal 
injuries were considered as intraperitoneal (upper 
third) and extraperitoneal (lower two-thirds). In our 
series two intraperitoneal rectal wounds were closed 
primarily without proximal decompression. Extraperi- 
toneal rectal wounds, being more serious, were treated 
with proximal sigmoid colostomy and adequate drain- 
age. Repair was done if the rectal wound was easily 
accessible through the peritoneal cavity. As noted ear- 
lier, one patient died of generalized peritonitis because 
this principle was not followed. Paracoccygeal or 
perineal incisions may be necessary for repair and ade- 
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quate drainage of extraperitoneal rectal wounds; al- 
though this procedure was not done in this series. 

In one patient in whom a large portion of the cecum 
and ascending colon was shattered; a right hemicolec- 
tomy and ileocolostomy was performed, and we recom- 
mend this method of management. In cases of left colon 
injury, where primary closure was contraindicated, ex- 
teriorization instead of resection was preferred. 

In cases of minimal or local gross contamination, 
after removing the particulate matter, the contami- 
nated area was irrigated locally and in cases of gen- 
eralized gross fecal contamination with massive he- 
moperitoneum, the entire peritoneal cavity was irri- 
gated with copious amounts of saline. Intraperitoneal 
antibiotics were not used in any patient. The sub- 
cutaneous tissues were irrigated well and hemostasis 
was secured. The decision should then be made 
whether or not to leave the subcutaneous abdominal 
wound open for secondary healing or closure. Indi- 
cations for leaving the subcutaneous wound open in- 
clude massive contamination, incomplete hemostasis 
or prolonged operating time. The primary closure sites 
in the right and left gutter and pelvis were drained 
when retroperitoneal space was opened. The stab 
wound site was also treated by vigorous irrigation and 
control of bleeding. Necrotic tissue was removed and 
an adequate drain was placed for 48 hours. Persistent 
purulent drainage from the stab wound site was noted 
in five of 51 stab wouiid injuries of the colon. Since 
the contaminated knife is withdrawn through the stab 
wound, this wound should be regarded as contaminated. 
In cases of gunshot wounds, the exit wound or the 
site where the bullet is lodged is the site of contamina- 
tion. In one case an abscess developed at the site in 


which the bullet was lodged. 


Comments 


The overall mortality and morbidity rates have not 
increased with primary closure, but the length of hos- 
pital stay has decreased markedly. Comparable series * 
9^9 of primary closures and the mortality rates in civilian 
injuries are shown in Table 6. 

Primary closures were performed as late as 16 hours 
after injury, as well as in some cases of gross fecal 
contamination with associated multiple injuries, includ- 
ing those of the duodenum and pancreas. There were 
no documented leaks from the primary closure, but 
non-fecal drainage from the drain site was observed in 
five instances which healed completely within 1 to 2 
weeks, 

Two-stage procedures still occupy an important 
place in civilian colon injuries. Each case must be in- 
dividually evaluated according to absolute and rela- 
tive contraindications. Reviewing these data and main- 
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taining the same criteria as were used in the primary 
closure cases, 28 additional patients could have been 
treated by primary closure alone. Therefore; 82.8% of 
the patients in the total series could have had primary 
closures. Ideally exteriorization was advisable in only 
eight instances instead of 20, and diverting sigmoid 
colostomies should have been used more frequently 
instead of right transverse colostomies (Table 5). There 
were no strong justifications for performing seven ce- 
costomies and a single left colectomy in this series. 


Summary 


Prolonged hospital stay and multiple operative pro- 
cedures can be avoided by primary closure of civilian 
colorectal wounds. To determine the safety of this 
procedure, the cases of 134 patients managed at the 
Harlem Hospital Center in the past 10 years were 
reviewed, Of the total colorectal injuries, 61.9% had 
primary closure with 2.4% mortality and no compli- 
cations referable to the closure. Employing the same 
criteria, 82.8% could have had primary repair. 

It is our opinion that primary closure of colorectal 
wounds without proximal colostomy can be performed 
safely in the majority of instances with a shorter hos- 
pital stay and without any increase in the rate of mor- 
bidity or mortality. 


JOSEN, FERRER, JR., FORDE AND ZIKRIA 
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Colon In- 


Epidermoid Carcinoma of the Anu: 


PIDERMOID CARCINOMA of the anus, though an un- 
E common tumor, continues to confound and chal- 
lenge us witli respect to its management, For this reason 
and because of the variety of opinion concerning treat- 
ment of the primary lesion and metastatic foci, we de- 
cided to review our experience with this disease to clarify 
our approach to the problem. 

The cases reviewed include all those of epidermoid 
carcinoma of the anus and perianal area seen on the 
Surgical Service of The Roosevelt Hospital during the 
25-year period 1946 through 1970. During this time, 39 
patients with this diagnosis were treated. There were 
20 women and 19 men. Their ages ranged from 29 to 
83 years. The majority were in the 40 to 65 age group 
and 21 patients, or slightly over half, were younger than 
60 years of age. 

The most common symptom recorded was rectal 
bleeding, which occurred in 17 patierits (43.5%). Other 
symptonis, in order of frequency, were: pain, 15 patients 
(38.4%); mass, 14 patients (35.8%); weight loss, five 
patients (12.8%); constipation or diarrhea, three patients 
(7.7%) each; tenesmus two patients (5.12). Most 
patients had more than one symptom. Duration of these 
complaints covered a wide range, extending from 10 
days to 10 years; most symptoms had been present for 


- several months. In general the larger tumors occurred 


in patients with the more prolonged histories ( Table 1). 
A number of these patients had been treated earlier 
for a benign anorectal condition, some, unfortunately 
in the period during which their carcinomas must 
have been present. A number of other patients were 
noted to harbor similar benign problems at the time of 
tréatment for the carcinoma. Included in these associated 
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conditions are: anal condylomata, five patients; ana 
fistula, four patients; hemorrhoids, three patients; ana 
fissure, three patients; abscess, three patients; lym 
phogranuloma venereum, one patient (Table 2). 

Associated conditions included other bowel carcinoma: 
in two patients, carcinoma of the prostate in one anc 
carcinoma of the cervix in one. One patient had : 
concomitant granulosa cell tumor of the ovary. Tw 
other patients had had previous carcinoma, one occurrec 
in the breast and one in the lung. 

The lesions themselves varied widely in size. Eigh 
were under 1 cm. in greatest dimension, four wer 
1-2.4 cm., 15 were in the 2.5 to 4.9 cm. range and I. 
tumors were larger than 5 cm. In general, the smalle: 
lesions were found in the perianal area rather than i 
the anal canal. Several of the smaller lesions wen 
recognized only in microscopic sections of presumably 
benign ano- -rectal pathology specimens. Of the entir 
series of epidermoid carcinomas of the anus, eight lesion: 
were located in the perianal skin, 30 in the anal canal— 
all involving the pectinate line, and one within the rec 
tum at 8 cm. Twenty-four of the carcinomas were classi 
fied as squamous zell types, twelve were called cloa 
cogenic and three were considered basal cell epithelio 
mas. All three of these last were in the perianal ski 
(Table 3). 

Ten patients were treated by local measures, in 
cluding excision in eight, and fulguration in two. Five o 
the ten were treated more than 5 years ago. Of thes 
five, two were alive and free of disease, one had die 
of another cause (carcinoma of the cervix), one was alivi 
with disease, and one was lost to follow-up, after 1 yea 
free of disease. Of the five patients having local treat 
ment in the past 5 years, four are alive and free o 
disease. One patient who had a large (6 cm.-diameter, 
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TABE 3. Epidermoid Carcinoma of the Anus 











TaBLE Í. Epidermoid Carcinoma of the Anus 
Symptoms No. Patients 
Bleeding 17 (43.5%) 
Pain 15 (38.4%) 
Mass 14 (35.8%) 
Weight loss 5 (12.8%) 
Constipation 3 (7.7%) 
Diarrhea 3 (7.7%) 
Tenesmus 2 (5.1%) 








squamous lesion above the pectinate line is alive with 
residual disease. This patient was treated by fulguration 
and curettage because of intolerance to extensive resec- 
tion due to generalized arteriosclerosis, with multiple 
previous cardiac infarcts and strokes; she still has residual 
disease, not on the surface, but deep within the muscle 
( Tables 4 and 5), 

Of the 18 patients treated by ábdomino-perineal re- 
section more than 5 years previously, one died of cir- 
rhosis of the liver in the postoperative period and one 
is lost to follow-up. Of the remaining 16, five were alive 
and well at 5 years, one was alive with disease and 
ultimately succumbed at 11 years; ten were dead before 
the sixth year, three without evidence of recurrent 
disease. Of these last three, one died of pulmonary 
emphysema and arteriosclerosis, one of “senility”, and 
one died as a result of intestinal fistula following radio- 
therapy and excision of a perineal recurrence. In the 
last instance autopsy revealed no residual disease, Of 
the 16 determinate cases of abdomino-peririeal resection 
37% survived 5 years overall, 31% free of disease. If 
all 18 cases are included the results are 33% and 28% 
five-year survival respectively. Within the last 5 years 
six patients with epidermoid anal carcinoma have been 
treated by’ abdomino-perineal resection. One patient, 
with metastases in the liver, died postoperatively. The 
remaining five patients are clinically free of disease. 

One of our patients who had a perineal resection and 
colostomy diedeat 6 years with recurrent disease. Two 
patients had only palliative colostomies and both were 
dead within 1 year. Only two of our patients had radia- 
tion therapy in conjunction with surgical treatment. In 
both instances this procedure was reserved for treatment 
of recurrent disease. Two of our 39 patients refused 
any form of treatment. 


TABLE 2. Epidermoid Carcinoma of the Anus 
Associated Ano-Rectal Conditions 





Condition No. Patients 








Condylomata 

Fistula 

Fissure 

Abscess 

Hemorrhoids 
Lymphogranuloma Venereum 
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Pathology No. Patients 
Size of Lesion: 

Under 1 cm. 7 

1-2.4 cm. 4 

2.5-4.9 cm. 15 

Over 5 cm. 13 
Location: 

Perianal 8 

Anal Canal 30 

Rectum 1 
Cell Type: 

Squamous 24 

Cloacogenic 12 

Basal Cell 3 








There were l7 cases in which information as to 
lymph node metastases was available. Seven patients 
were free of nodal metastases on admission. Three were 
alive and well at 5 years. One died in the postoperative 
period, two others within 5 years, and one was lost to 
follow-up. Of the ten patients with lymph node. meta- 
stases, one was living and well after 5 years, one died 
of disease after 11 years; and the remaining eight died 
before the sixth year. Four patients underwent early 
groiti dissections; two had positive nodes and two did 
not. Those with positive nodes and one of those without 
disease in the inguinal nodes eventually succumbed to 
the disease (Table 6). 

In considering these figures we were at once struck 
with the continuing difficulty in arriving at an early 
diagnosis. In part this stems from the wide variety of 
benign ano-rectal conditions to which the symptoms 
may be ascribed or with which carcinoma may be con- 
fused. 

It is particularly distressing that in eight patients seen 
on our service in the past 2 years only two had symp- 
toms for less than six months and these, incidentally, 
were the smallest lesions of the group—and at least 
two had consulted physicians about their symptoms in 
the months before their carcinomas were recognized. 

Discussion 

The terminology used by pathologists and surgeons 
for the various cytological types seen in epidermoid 
carcinoma of the anus is confusing. Certainly the 
morphology varies greatly from almost pure basal cell 
epithelioma to the typical squamous cell form. In be- 
tween are atypical basal cell called basaloid, transi- 
tional and mixed types. The anal canal seems to be an 
area with a great potential for metaplasia.! We agree 
with Stearns and Quan” that the exact morphological 
nomenclature is not really important to the surgeon and 
does not influence management of the individual in- 
stance. It would however, be helpful in ending confusion 
if a comprehensive term could be agreed on to describe 
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TABLE 4. Epidermoid Carcinoma of the Anus 








Therapy No. Patients 
Local measures 1 
Excision 
Fulguration 
Abdomino-perineal resection 2 


Palliative colostomy 

Refused treatment 

Perineal resection 

Early groin dissection 

Late groin dissection 

Excision of perineal recurrence 
Radiation therapy 


PON RENN EN OOO 


this tumor. Epidermoid carcinoma of the anus seems 
best to us. Cloacogenic carcinoma is a good broad de- 
scriptive name. The actual description of cell type, 
grade, extent of invasion and soforth should be left to 
the pathologist. 

Increasing efforts should be made to have patients 
with minor rectal complaints see a doctor early. It is 
striking in our study and in many others *9.12.17,19,20,22 
that a high percentage of patients report pre-existing 
rectal conditions, or minor rectal complaints. Two of our 
patients for example reported fissures of 10 and 6 years 
standing. In order to increase the salvage of patients 
with anal cancer it is obvious that they must be seen 
earlier. 

The question of local excision is an interesing one. 
The surgeon will try to spare the patient a colostomy 
whenever he thinks it safe. Yet it is apparent from a 
review of the literature that usually only about 60% 25. 
$145.16 of patients having local excision survive 5 years. 
Various criteria of location, size, depth, aggressiveness 
of the tumor 12-15.16,19,22,23,24 are used to determine the 
choice of operation. We would agree with the majority 
of writers that small lesions outside the anal verge, as 
in hemorrhoidal tags, Bowens disease and superficial 
lesions associated with condylomata, can be treated 
with local excision. Also suitable for local surgery are 
small in situ lesions within the anal canal. If, however, 
such a lesion is in contact with the pectinate line or 


" shows evidence of invasion of the muscle, abdomino- 


A 


perineal resection is mandatory. Following local ex- 
cision frequent careful examination is required. With 


evidence of recurrence abdomino-perineal resection is 


necessitated.2:2? Some authors 7 indicated that local 
excision was probably never indicated. Stearns and 
Quan” point out that there are -deaths following local 
excision that would have occurred even if a radical 
extirpation had been done—those patients who had 
hematogenous spread. These few instances were not 
treatment failures of the local excision method, but 
instances that would have been failures by any method. 
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TABLE 5. Epidermoid Carcinoma of the Anus ^ 
Results: (26 Patients over 5 years) 
Alive Alive 
and with 
Procedure Well Disease Dead Lost 
Abdomino-perineal 
resection 
(Eighteen cases) 5 1 11 1 
Local excision 
(Five cases) 2 1 1 1 
Perineal resection 
(One case) 1 
Colostomy 2 








Few will disagree that abdomino-perineal resection 
offers the best chance of cure for anal cancer. We agree 
that the perineal dissection should be wide. It is often 
recommended that the posterior vaginal wall should 
be excised with the rectum. In small invasive lesions on 
the posterior aspect of the rectum this may not be 
necessary, and we do not always use this method. 

The question of inguinal and pelvic dissection is 
of great interest in relation to anal cancer. Cattell? 
said it would be of interest to see how this problem 
worked out and indeed in the succeeding 28 years we 
cannot say the problem is solved. Cattell and Williams,? 
Sawyers!5 and Sedgwick and Wainstein,?° believe in 
prophylactic node dissection. Few others now recom- 
mend this approach. Stearns?! reports no 5-year sur- 
vivors in patients who were admitted with clinically 
positive nodes; five out of 12 patients whose nodes ap- 
pared later had 5 year cures after node dissection. Our 
present feeling about inguinal node dissections is as 
follows: (1.) if nodes are clinically positive at the time 
of abdomino-perineal resection an inguinal iliac and 
hypogastric node dissection is performed when the pa- 
tient has recovered sufficiently from rectal resection. 
We feel that the salvage will be very poor but that 
bulky and ulcerating nodes will be obviated; lower 
extremity swelling will be a problem in perhaps 30$ of 
cases." 14 (2.) When nodes become clinically suspicious 
after healing of the original resection is complete—i.e.— 
the nodes are not inflammatory due to the healing peri- 
neal wound—inguinal, iliac and hypogastric node dis- 


TABLE 6. Epidermoid Carcinoma of the Anus 
Results Relative to Nodal Metastasis 





Alive Alive 
and with 
Well Disease Dead Lost 
No Nodal Metastasis 
(Seven cases) 3 3 1 
Nodal Metastasis 
(Ten cases) 1 1 8 
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section is indicated. (3.) A patient with bulky or ulcer- 
ating inguinal nodes should have the benefit of a 
palliative resection. 

Our limited experience with fulguration and curettage 
of lesions in poor risk patients suggests that this method 
may be usefully applied with greater frequency. 


Summary 


1. A series of 39 cases of epidermoid carcinoma of the 
anus is reported. 

2. Our opinion as to when local or radical excision 
applies is indicated. 

3. The problem of metastatic node dissections is 
discussed. 
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Usefulness of Combined Selective Arteriography and 
. . Hypotonic Duodenography in Evaluation of Cancer of the 


LTHOUGH various methods have been developed 
A for the diagnosis of malignancy of the pancreas, 
there yet remain some instances in which an accurate 
diagnosis cannot be made. Among the several current 


‘approaches, radiologic procedures are in greatest use. 


However, no one method alone can satisfactorily delineate 
the accurate extent of the lesion in the pancreas. Selec- 
tive arteriography and hypotonic duodenography have 
its own merit respectively, but each of them has ad- 
mittedly limited accuracy in visualizing the detailed 
pathology of the pancreas. Selective arteriography fails 
to demonstrate clearly most lesions in the ampulla of 
Vater and duodenum, and hypotonic duodenography 
cannot reveal tumors which extend directly into the 
pancreatic parenchyma. Hitherto, each procedure has 
been performed separately, but the relative position of 
the duodenum and the arteries shows extremely wide 


, variations, which make it difficult to evaluate the path- 


ologic state accurately, when the roentgenograms are 
taken separately. 

In this study, selective arteriography and hypotonic 
duodenography were projected simultaneously on the 
same film for the purpose of detailed delineation of 
lesions in the pancreas. Furthermore, the anatomic re- 
lationship between the duodenal loop and the arteries 


, of the pancreas was investigated, and the significance 


of the additional information gained by this combined 
roentgenography was explored in connection with in- 
dications for operation. 
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Materials and Method 


Combined selective arteriography and hypotonic 
duodenography was performed in 36 patients, 14 of 
whom had diseases of the pancreas. 

With the patient fasting, the duodenal tube was in- 
troduced into the second portion of the duodenum 
under television fluoroscopy. In some cases, the tube 
was manually controlled with a flexible guide wire. 
With the tube fixed in this part of the duodenum, the 
patient was placed in the prone position. Ten ml. of 
2% Xylocaine solution was infused through the tube for 
anesthesia of the anterior surface of the duodenal 
mucosa. With the tube still in place, the patient was 
turned to the supine position, and simple angiography 
of the upper abdominal arteries was performed by the 
Seldinger method? with the transfemoral approach. 
Under local anesthesia, a Kifa yellow catheter with a 
J-shaped tip was inserted into the celiac trunk and 
then into the superior mesenteric artery. These arteries 
were visualized in seriographs with 20-40 ml. of 66.8% 
iothalamate soidum (Conray 400). After arteriography, 
the catheter was kept in the orifice of the celiac trunk, 
an anti-cholinergic drug was injected intramuscularly 
or intravenously and about 10 ml. of 2% Xylocaine 
was infused through the duodenal tube in order to 
produce duodenal hypotonia. Then, about 50 ml. of 
602 barium sulphate was infused after 10-20 minutes, 
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Fic. 1. Schematic presentation of several points relating to the 
duodenum and the arteries of the pancreas. 


during which the routine arteriograms could be devel- 
oped and read. Four serial films were taken on the 
filling phase of the duodenum. Then, the barium was 
evacuated, and further serial films were taken on the 
phases of evacuation and insufflation. During insufflation, 
when the duodenum was semi-opacified and visualized in 
double contrast, angiography of the celiac trunk and 
then the supexior mesenteric artery was superimposed 
with the catheter remaining in the artery. Usually the 
right oblique projection was added to the anteroposterior 
projection. These procedures should be carried out be- 
fore the duodenum recovers its tonicity. 

In a preliminary study, combined arteriography and 
duodenography were performed on specimens surgically 
resected by pancreatoduodenectomy: four specimens 
of cancer of the head of the pancreas and two of cancer 
of the ampulla of Vater. Immediately after resection, the 
catheter was inserted into the gastroduodenal artery of 
the specimen, and the vascular bed was irrigated with 
physiologic saline solution. A solution of 60% barium 
sulphate was infused through the catheter by hand 
pressure. Similarly, the digestive tract of the specimen 
was washed, and barium and air were infused into the 
duodenum from the resected stump of the stomach. 
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Duodenograms combined with arteriograms of the re- . 
sected specimens were taken on the phases of filling, 
evacuation and insufflation, as was observed in living 
patients. 


Correlation of Position of Duodenal Loop and. Arteries 
of the Pancreas 


The head of the pancreas is surrounded by the three 
parts of the duodenum. Roentgenologically, direct visu- 
alization of the duodenum can be obtained by hypotonic 
duodenography, and that of the pancreas by selective 
arteriography of the celiac trunk and superior mesenteric 
artery. With the object to clarify the anatomic relatiorf* 
ship between the duodenal loop and the arteries of the 
pancreas, the following investigation was carried out. 

In 22 patients in whom the pancreas was surgically 
confirned to be normal, several distances between the 
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Fic. 2. Relative position between the duodenal loop and the 
arteries of the pancreas. 
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duodenum and arteries were measured on the film with 
combined arteriography and duodenography. For pur- 
poses of description, several points relating to the duo- 
denum and arteries were determined arbitrarily ( Fig. 1). 
A; was the point where the gastroduodenal artery orig- 
inated from the common hepatic artery; Az, where the 
posterior superior pancreaticoduodenal artery originated 
from the gastroduodenal artery; A;, where the anterior 
superior pancreatiocoduodenal artery originated from 
the gastroduodenal artery; and S, where the superior 
mesenteric artery originated from the aorta. The points 
on the duodenal loop were labeled D,, D. and Ds, On 
fhe midaxis of the duodenum, the boundary between 
the first and the second portion of the duodenum was 
defined as D,, and that between the second and the 
third portion of the duodenum was D». D; was the point 
where the vertical line passing S crossed the midaxis 
of the third portion of the duodenum. The longitudinal 
axis of the second portion of the duodenum was labeled 
X. The distances between each point were measured 
on the combined roentgenogram in the anteroposterior 
projection. All the films were taken with the X ray 
tube fixed at a distance of 100 cm. As indices to show the 
relative position, the distances ADı, AD», A.N, A;X 
and SD, were measured. AD; ranged from 1.1 to 6.0 
cm. with a mean value of 3.6 cm. AD, ranged from 
8.5 to 14.2 cm. with a mean value of 11.3 cm. A.X 







—— 


Fic 3A. Arteriogram combined with duodenogram of a surgically 
resected specimen of cancer of the head of the pancreas. The 
duodenogram is taken on the fillimg phase. In the arteriogram, 
the pancreaticoduodenal arteries show stenosis with a ragged 
contour (right arrow). The duodenum is also irregularly invaded 
by extension of the tumor of the pancreas (left arrow). The size 
of the tumor can be estimated on this combined roentgenogram. 
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Fic. 3B. The duodenogram is taken on the phase of insufflation 
after evacuation. 


ranged from 0.2 to 3.9 cm. with a mean value of 1.8 cm. 
A,X ranged from 0.2 to 2.7 cm. with a mean value of 
1.6 cm. SD, ranged from 3.4 to 12.0 cm. with a mean 
value of 6.9 cm. These data suggest that, even in normal 
subjects, there are great variations in the relative position 
between the duodenal loop and the arteries of the 
pancreas. These results are shown in Figure 2. 
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Fic. 3C. Schematic illustration of these combined roentgenograms. 


Fic. 4A. Arteriogram combined with duodenogram of a surgically 
resected specimen of cancer of the ampulla of Vater. The filling 
defect in the inner margin of the duodenal mucosa (arrow) is 
revealed on the duodenogram, where a slight increase of abnormal 
vessels is noted angiographically. The size of the tumor can be 
estimated on the film. 


Diagnostic Usefulness of Combined Roentgenography 


From roentgenograms of the resected specimens with 
barium sulphate infused into both artery and duodenal 
lumen, the size of the tumors was estimated on the basis 
of the maximum distance between the site of invasion 
of the artery and that of the duodenum. These results 
were compared with the net size of the lesion measured 
directly in cut section of the specimens. In four specimens 
of cancer of the head of the pancreas, the tumors were 
estimated on the film to be 3.0 x 3.0 cm., 3.5 x 3.5 cm., 
3.0 x 4.0 cm. and 2.5 x 3.5 cm.; in cut sections these 
were all 3.0 x 3.5 cm. In two specimens of cancer of the 
ampulla of Vater, measurements on the films showed 
the tumors to be 1.2 x 2.5 cm. and 2.0 x 2.5 cm. in size, 
while in cut sections they were both 2.0 x 2.5 cm. These 
data show that the combined roentgenograms obtained 
by the present technic demonstrate fairly accurately the 
size of tumors in the pancreas. 
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Fic. 4B. Schematic illustration of this combined roentgenogram. 


Figures 3A and B show the arteriograms combined 
with the duodenograms of a surgically resected speci- 
men of cancer of the head of the pancreas. In the arterio- 
gram, the pancreaticoduodenal arteries show stenosis 
with a ragged contour, suggesting invasion by the tumor 
of the head of the pancreas. The duodenogram simultane- 
ously projected reveals that the inner margin of the 
second portion of, the duodenum is irregularly invaded 
by extension of the tumor towards the duodenum. Fig- 
ure 3A shows the filling phase, and Figure 3B the phase 
of insufflation after evacuation. By the method de- 
scribed above, this tumor was estimated to be 3.0 x 3.0 
cm. on the film. On cut section, a mass measuring 
3.5 x 3.0 cm. was found in the pancreas with extensions 
towards the adjacent duodenal mucosa. Figure 3C shows 
the schematic illustration of these combined roentgeno- 
grams. 

Figure 4A shows the combined arteriogram and 
duodenogram of a surgically resected specimen in a 
patient with cancer of the ampulla of Vater. The filling 
defect in the inner margin of the duodenal mucosa was 
revealed on the duodenogram, where a slight increase 
of abnormal vessels was noted angiographically. Unlike 
the former case, the pancreaticoduodenal artery showed 
no pathologic signs. These findings suggest that the 
tumor arising from the ampulla of Vater extended into 
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Fic. 5A. Arteriogram combined with duodenogram of a patient 


with cancer of the entire pancreas. The angiogram of the celiac 
trunk is superimposed. In the angiogram, the gastroduodenal 
artery is invaded and deviated medially (arrow). The celiac trunk, 
common hepatic artery and splenic artery are also invaded. By 
combined use of hy potonic duodenography, which shows ir- 
regularity and enlargement of the second portion of the duodenum, 
the growth and extension of the tumor can be seen. 


the duodenal mucosa, not towards the head of the pan- 
crease. In addition, extension of the tumor mainly to- 
wards the duodenum would preclude curative resec- 
tion of this lesion. 
x L2 cm. on the film showed good correspondence 
with that in the cut section of the specimen. Figure 4B 
shows the schematic illustration of the film. 

In all patients with cancer of the pancreas, valuable 
information could be obtained by means of combined 
radiography performed prior to operation. Figures 5A 
and B show the arteriograms combined with duodeno- 
grams of a patient with cancer of the entire pancreas. 
As shown in Figure 5A, angiography of the celiac trunk 


The tumor size estimated to be 2.5 


revealed celiac trunk, common hepatic artery, splenic 
artery and gastroduodenal artery to be invaded, sug- 


gesting that the malignant lesion extended to the entire 
pancreas. The invaded gastrodyodenal artery showed 
marked deviation medially. 
gram alone, the extent of the tumor in the region of 
the head of the pancreas could not be evaluated, be- 
cause no tumor stain was demonstrable. By combined 
use of hypotonic duodenography, which showed ir- 
regularity and enlargement of the second portion of 


However, with the arterio- 
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Fic. 5B. The angiogram of the superior mesenteric artery is co 


bined. The middle colic artery (arrow) is infiltrated by the tum 
which has not yet invaded directly to the duodenum. Gast 
jejunostomy is added, because these findings give predictive 

formation of impending obstruction of the duodenum due 

invasion, 
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the ‘duodenum, the growth and extent of the tumor 


in the head of the pancreas could be clearly seen (Fig. 
5A). Figure 5B shows a superior mesenteric arteriogram 
combined with a duodenogram. Irregularity of the arte- 
rial wall was revealed in the middle colic artery, sug- 
gesting invasion of the tumor into the mesocolon. Com- 
bined radiography showed the tumor extending to- 
wards the fourth portion of the duodenum, to which the 
lesion had not yet directly. Consequently, 
gastrojejunostomy was performed in addition to chole- 
cystojejunostomy, because these findings gave predictive 
information of impending obstruction of the duodenum 
due to invasion. The simple sum of each roentgenogram 
taken separately could not provide this suggestive in- 
formation. Figure, 5C shows the schematic illustration 
of the combined roentgenograms of this patient. 


invaded 


Discussion 
Selective arteriography has made a valuable con- 
tribution to the preoperative diagnosis of cancer of the 
pancreas. Besides diagnosis, this procedure is also of 
additional value in evaluating the resectability of the 
lesion? and in predicting its clinical course.! On arte- 
rography, cancer of the pancreas is usually demonstrated 
with the characteristic appearance of irregular tapering 
or encasement of the artery. However, there are some 
disadvantages in the diagnostic capacity of this proce- 
dure. First, the cancerous area in the pancreas is visu- 
alized mostly as a hypovascular area, which makes it 
difficult to assess the precise extent, size and form of 
the tumor. Second, direct exploration of the abnormality 
in the region of the duodenum and the ampulla of 
Vater is not possible. This may be because the duodenal 
branches of the pancreaticoduodenal arteries fail to be 
clearly visualized in routine arteriography. According to 
our previous study,” selective arteriography revealed the 
definite findings directly related to the lesion only in 
one of six patierts suffering from cancer of the ampulla 
of Vater. Third, interpretation of the fine tumor vessels 
projected on the film is not infrequently obscure and 
complex. The previous references on the diagnostic ac- 
curacy of arteriography for cancer of the pancreas in- 
dicated a high incidence of false positive cases. Thus, 
certain limitations exist in selective arteriography in 
identifying the lesions of the pancreas, but they might 
be complemented by another combined technic, if this 
were readily available. In this study, we have proposed 
the simultaneous projection of the hypotonic duodeno- 
gram with the arteriogram for the purpose of precise 
delineation of the lesion. In contrast to angiography, 
hypotonic duodenography is a particularly sensitive pro- 
cedure to demonstrate the lesion in the duodenum. 
This can reflect very slight changes in the duodenal 
mucosa as well as in the ampulla of Vater. Consequently, 
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hypotonic duodenography taken together with arte- 
riography will be of much help in the accurate. assess- 
ment of lesions which extend from the pancreas to- 
wards the duodenum. In addition, when it is difficult 
to say whether the findings on arteriography are path- 
ologic or normal, the combined use of duodenography 
will answer with much certainty. 

In order to evaluate the jaundiced patient, Boijsen ! 
attempted the combined use of selective arteriography 
and percutaneous transhepatic cholangiography. The 
complementary nature of these examinations in reveal- 
ing both the vascular and bile duct anatomy contributed, 
to more accurate diagnosis. However, these two roent- 
genograms taken se parately, and then super- 
imposed. No other studies on combined technic with 
arteriography have been found. 

The anatomical variations of the arteries of the pan- 
creas have been widely investigated by anatomists. 
Similarly, the topographic anatomy of the duodenum 
has also been described in detail in textbooks. However, 
only slight information is available on the correlative 
anatomy of the duodenum and arteries of the pancreas, 
especially in vivo. Since this is of paramount importance 
in the diagnosis and treatment of cancer of the pancreas, 
the present study was undertaken to clarify this ana- 
tomical relationship by means of combined roentgeno- 
graphy. It was found that, even in normal subjects, 
unexpectedly wide variations were demonstrable in the 
position of the duodenal loop relative to the arteries of 
the pancreas. In pathologic conditions, much more 
deviation as well as displacement of each position 
might be expected. Under these circumstances, an 
accurate assessment of the lesion might be impossible 
if the roentgenograms were made separately. 

In addition to the celiac trunk, the superior mesenteric 
artery is also important in the diagnosis of cancer of the 
pancreas. Anatomically, the artery derives from the 
upper part of the neck of the pancreas, runs downwards 
through the dorsal surface of the pancreas and appears 
in the abdominal cavity over the uncinate process of 
the pancreas. Therefore, angiograms of this artery can 
reflect sensitively pathology of the posterior surface of 
the pancreas and the uncinate process. However, extreme 
variations were also noticeable in the relative position 
between the superior mesenteric artery and the third 
portion of the duodenum. In cancer of the pancreas, 
accurate identification of the abnormality in the superior 
mesenteric artery could not be attained, unless the 
duodenogram was superimposed on the angiogram of 
this artery 

With the proposed combined technic, it seems to be 
possible to illustrate the extension and growth of the 
tumor in the pancreas and duodenum. Such valuable 
informations obtained before operation might enable 


were 
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surgeons to make appropriate therapeutic plans, either 
palliative or curative, and to save consuming the time 
before and during the operation. Each procedure has 
its own limitations and its own advantages which cannot 
be obtained from the other procedure. These two ex- 
aminations, in combination, complement and supple- 
ment each other. The information gained from combined 
arteriography and duodenography has much more signi- 
ficance than the simple sum of the two roentgenograms 
obtained separately. 


Summary 
* 


Extreme variations were shown in the relative position 
of the duodenum and the arteries of the pancreas, even 
in normal subjects. By means of combined selective 
arteriography and hypotonic duodenography, much more 
valuable information could be obtained than from the 
simple sum of each roentgenogram used separately. 
With the combined technic, the extension and size of 
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the tumor in the pancreas were clearly demonstrable 
Such information, gained prior to operation, can hel 
surgeons to plan the operative procedure and contre 
the time factor. The new combined technic propose 
in this study adds a further dimension to the radiologi 
evaluation of the pancreas. 
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Multiple Intraspinal Meningiomas at Different Levels, 
Operated on with a Seven-Year Interval: 


A Case Report 


SAMUEL RESNIKOFF, M.D., F.A.C.S., JAVIER VERDURA, M.D., F.A.C.S., 


ULTIPLE MENINGIOMAS within the spinal canal are 
M uncommon, particularly in the absence of von 
Recklinghausen's neurofibromatosis or “meningeal men- 
ingiomatosis",5 and in most instances of multiplicity, 
they are intracranial and spinal? 

The occurrence of multiple meningiomas, exclusively 
intraspinal, has seldom been reported.^"^ In a review 
of the American neurosurgical literature, we found no 
record of multiple spinal cord meningiomas occurring 
in the same patient which were surgically treated 
several years apart. , . 

It is the purpose of this communication to report 


the case of a woman harboring two intraspinal meningio- 


mas, at different levels, successfully removed at dif- 
ferent operations with a 7-year interval. 


. Case Report 

A 37-year-old woman was referred to us on February 8, 1963 
for neurological consultation. For the previous 2 weeks she had 
complained of weakness in both lower extremities and of numb- 
ness only in the right leg. She did not have any other symptoms 
spontaneously, and only on direct questioning she admitted 
having some urgency in urinating. Her past history revealed 
hypertension since the age of 32, obesity since childhood and 
episodes of migraine. There was no personal or family history 
of tumors. 

Neurologic examination showed a mildly spastic gait. There 
was no weakness on direct testing. The tendon reflexes were 
hyperactive throughout but more so in the lower extremeties, 
The plantar reflexes were equivocal bilateraly and the ab- 
dominal reflexes were absent. There was diminished sensation 
to pain and temperature up to D-9 only in the right. The rest 
of the neurologic examination was normal. 
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Although the patient was told of the possibility of a tumor 


‘in her spinal canal, she did not return until a month later. At 


this examination her gait was distinctly spastic and there was 
considerable weakness of both lower extremities; the sensory 
level remained the same and the plantar reflexes had an ex- 
tensor response bilaterally. 

Plain X ray of her dorsal spine was normal. Laboratory survey 
was normal or negative. Pantopaque myelography showed an 
irregular and somewhat concave block at D-8 (Fig. 1). 

On March 3, 1963 through a laminectomy of D-7-8-9, a 
meningioma was removed. The tumor measured 2 cm. in di- 
ameter, it was attached to the dura on the dorsal and somewhat 
on the left gutter of the spinal canal. This mass as well as the 
dura in which it was implanted were removed. The patient made 
an excellent recovery (Fig. 2). 

She remained free of neurological symptoms for 6% years. 

Subsequently she began to complain of paraesthesias in both 
hands. This led an orthopedic surgeon to operate on both carpal 
tunnels, without relief of symptoms. 

She began to suffer nuchal pain which radiated down to 
both shoulders and to the left upper extremity. She also com- 
plained of “clumsiness” in both hands particularly in the right 
hand. She became aware that her legs were not responding 
well, as in her previous illness, and this symptom prompted her 
return to us. 

This examination revealed a spastic tetraparesis. The muscular 
weakness was more pronounced in the left upper and lower ex- 
tremities; there was hypeyreflexia with bilateral Hoffman and 
Babinsky signs. She had diminished sensation to pain and tem- 
perature up to the base of the neck (C-3) bilaterally which was 
more pronounced on the right. The lower cranial nerves were 
intact and the remainder of the neurologic examination was nor- 
mal. There was no respiratory impairment. 

A myelogram was performed which showed an almost com- 
plete, irregular block at C-4. Only a few drops of the contrast 
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Fic. 1. First myelogram 
showing a complete block 
at D-8. 





Fic. 3A and 3B, Second myelogram showing a complete block at 
C-4 A.P. and lateral views. 





completely removed meningiomas. Another well estab- 

lished fact is coexistence of a meningioma or menin- 

giomatosis with neurofibroma or with neurofibromatosis. 

The presence of two independent meningiomas in 

A large intradural tumor was found on the left lateral and the spinal canal at entirely different levels, occurring 

anterior aspects of the spinal canal. The spinal cord appeared in intervals of several years, is a rare occurrence. 

severely flattened and displaced to the right. The tumor which Neither Cushing? in his classical Meningiomas, nor 

was removed with a large portion of dura mater in which it was — Elsberg ? in his book on Surgical Diseases of the Spinal 

implanted was a meningioma (Fig. 4). Cord, mention the case of two independent spinal 
The patient made an uneventful recovery and in less than a TA — — 

month was back to normal activities. Some mild paraesthesias in mentee vil hich occurred in the Saale patient. 

both hands was still present 2 months after operation. In the case reported by Rand,” two intraspinal men- 

ingiomas were found in the same patient at operation 

for removal of a tumor which was believed to be a 
Comment. The occurrence of multiple intracranial single neoplasm. 

meningiomas is well known, as is recurrence of in- To explain the long interval between removal of the 


material passed through to the cysterna magna (Figs. 3A and B). 
On April 16, 1970 a laminectomy of C-2-3-4- was carried out. 


Summary 
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Fic. 2. Section of the tumor removed at first operation. It is a — Fic. 4. Section of the tumor removed at second operation. It is 
meningioma with psammomatous component. a fibroblastic meningioma showing whorl formations. 
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two ‘tumors in our patient it must be remembered 
that the rate of growth of meningiomas varies, and in 
some instances it is very slow. Russell and Rubinstein ° 
believe that the slow evolution of these tumors accounts 
for the fact that, intracranial meningiomas which are 
asymptomatic during life are not uncommon incidental 
findings at autopsy. 

Feiring and Barron * have suggested that certain spinal 
cord meningiomas behave in a similar manner. 

Cushing? stated that: "A successful operation for 
spinal meningioma represents one of the more gratify- 
ing of all operative procedures"; and we add that when 
this procedure can be accomplished twice in the same 
patient, no doubt, it is twice as gratifying. 


Summary 


We have reported the case of a patient in whom two 
intraspinal meningiomas occurred in a seven-year inter- 
val. The first tumor was located at the D-8 segment 
and the second one, at C-3. 
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AND CÁRDENAS 
Each time the tumor was removed successfully. 
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Oxygen Consumption in Critically-Ill Surgical Patient: 


ROBERT F. WILSON, M.D., F.A.C.S.,* CHARLES CHRISTENSEN, M.D. 


INCE many of the pathophysiological phenomena seen 
S in critically-ill patients are probably related to or 
caused by inadequate cellular metabolism, measurement 
of oxygen consumption would appear to be an important 
determination for understanding these processes and 
their treatment. Oxygen consumption, although studied 


` abundantly in experimental animals:9!9 has only re- 


cently begun to be studied in man,**:1 

In an attempt to define its role and importance in 
critically-ill patients, oxygen consumption was measured 
directly in 100 consecutive patients by the Shock Unit of 
the Detroit General Hospital from 1965-1970. These 
measurements were then correlated with standard bicar- 
bonate, respiratory function, shock, sepsis, and prognosis. 


Material and Methods 


All the patients in this study were critically-ill, had 
suffered trauma or had undergone operation and were 
being treated in the Shock Unit or the Intensive Care 
Unit. . 

Patients were considered to be in shock of they had 
three of the five following criteria: (1) systolic blood 
pressure less than 80 mm. Hg; (2) cold, clammy skin or 
a cardiac index of less than 2.5 liters/min/sq m or both; 
(3) arterial standard bicarbonate of less than 20 mEq/ 
liter; (4) urine output of less than 25 ml./hr; or (5) 
need for vasopressors or vasodilators of both to main- 
tain adequate cerebral, cardiac, or renal function. 
` Sepsis was considered to be present if there was gross 
evidence of suppuration clinically or at operation, usually 
associated with fever, a white blood cell count (WBC 
of 15,000/cu mm or more, and positive cultures of blood, 
urine, bronchial secretions, peritoneal fluid, or abscesses. 





Submitted for publication June 15, 1971. 

Supported by the Michigan Heart Association, Detroit General 
Hospital Research Corporation, and the John and Mary Markle 
Foundation. 


801 


L. PHILIPPE LeBLANC, M.D., F.R.C.5.(C 


From the Department of Surgery, Wayne Stat 
University School of Medicine, Detroit, Michigan 4820 
and Detroit General Hospital Detroit, Michigai 


Intra-arterial and central venous pressures were mea: 
ured by the usual technics using strain gauges and cai 
rier-wave amplifiers. Cardiac output was calculated b 
the method of Hamilton et al.* from indicator-dilutio 
curves made with indocyanine green dye. pH was mea: 
ured with a glass capillary microelectrode. Arterial cai 
bon dioxide pressure (Pco:) and standard bicarbonat 
were determined by the Astrup technic. Po. either wa 
measured directly with a Radiometer glass electrode an 
was calculated from the oxygen saturation using th 
Severinghaus Nomogram for blood oxygen dissociatio 
in man.# 

Oxygen consumption was measured directly with th 
Guyton continuous oxygen analyzer while the patien 
was breathing room air Theoretical oxygen consump 
tion for each patient was taken from a standard nomc 
gram and was based upon the patients age, sex, heigh! 
and weight. The percentage oxygen &onsumption wa 
calculated by dividing the patients actual oxygen cor 
sumption by his theoretical value and multiplying b 
100%. Oxygen consumption was also reported in ml. 
M? of body surface area. 

Physiologic shunting in the lung was calculated fror 
— s formula. 


Results 


Oxygen Consumption 


The initial oxygen consumption in the 100 patient 
studied ranged from 65% to 205% of the theoretical bas: 
values with an average of 109 + 21% (SD) or 160 ml./M: 
These patients were divided into three groups: 20 pa 
tients with a reduced oxygen OR (less tha 
90% of the theoretical basal value), 34 patients wit 
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Ficure 1 


normal oxygen consumption (90-1102), and 46 patients 
with increased oxygen consumption. 


Metabolic Acidosis and. Oxygen Consumption, 


- Twelve patients were in metabolic acidosis with a 
standard bicarbonate of less than 20 meq/L; 35 had 
normal standard bicarbonate {20-26 meq/L); and 53 
were in metabolic alkalosis with a standard bicarbonate 
greater than 26 meq/L. Of the 12 patients with a meta- 
bolic acidosis, seven (58%) had reduced oxygen con- 
sumption, and one (82) had an increased oxygen con- 
sumption. In contrast, of the 53 patients with metabolic 
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TABLE 1. Relationship Between Shock, Sepsis, Oxygen Consumption 
and Metabolic Acidosis 
Cliniczl : % Incidence of — 97 Incidence of 
Condition Total 4 of Reduced Oxygen Metabolic 
of the Patient Patients Consumption Acidosis 
No sepsis or shock 21 4.8% 4.8% 
Shock, no sepsis 18 16.7% 5.6% 
Sepsis, no shock 28 14.3% 10,7% 
Sepsis and shock 33 36.3% 21.2% 
Total 100 20% 12% 





alkalosis, only five (9%) had a reduced oxygen con- 
sumption and 30 (57%) kad increased oxygen consump- 
tion. This tendency for patients with metabolic acidosis 
to have a reduced oxygen consumption and patients 
with metabolic alkalosis to have an increased oxygen 
consumption was statistically significant (p « 0.001). 


Physiologic Shunting in the Lung 


There was no correlation between oxygen cónsump- 
tion and the degree of physiologic shunting in the lung. 
Of 24 patients with some evidence of respiratory failure 
as evidenced by. shunt greater than 40%, 13 (54% ) had 
an increased oxygen consumption. Of 33 patients with 
shunts less than 40%, 16 (472) had normal or de- 
creased oxygen consumption. 


Shock and Sepsis ( Table 1) 


The patients in shock were more likely to have re- 
duced oxygen consumption and metabolic acidosis than 
those who were not in shock. Of the 51: patients who 
were in shock at the time of the determinations, 15 
(29%) had reduced oxygen consumption and eight 
(16%) had metabolic acidosis. Of the 49 who were not 
in shock, only five (10%) had reduced oxygen consump- 
tion and only four (8%) had metabolic acidosis. 

Septic patients had a greater tendency to have re- 
duced oxygen consumption and metabolic acidosis than 
the patients who were not septic. Of the 61 patients whó 
had clinical and laboratory evidence of sepsis, 16 (26%) 
had reduced oxygen consumption and ten. (16%) had 
metabolic acidosis. Of the 39 patients who were not 
septic, four (10%) had reduced oxygen consumption 
and two (5%) had metabolic acidosis. Of the 33 pa- 
tients with both sepsis and shock, twelve ( 362) had 
reduced oxygen consumption and seven (21%) had me- 
tabolic acidosis. 


Mortality Rate (Table 2) 


Of the 20 patients with a reduced oxygen consump- 
tion, 16 (802) died. This was significantly higher than 
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the mortality rate of 36% in the 80 other patients with a 
normal or increased oxygen consumption. 

Discussion 

Since the basic defect in shock and critically-ill pa- 
tients appears to be related, at least partially, to an in- 
adequate cellular metabolism, measurement of oxygen 
consumption máy provide some understanding of the 
pathophysiologic processes involved and may also pro- 
vide some guide to prognosis. The prognostic value of 
the oxygen consumption in this.study was rather marked 
«n that 80% of the patients with a reduced oxygen con- 
sumption died. This mortality rate was much higher than 
that found in the other patients who had a normial or 
increased oxygen consumption and was a much better 
guide. to prognosis than the standard bicarbonate levels. 

It has long been a concept that, during shock, an 
oxygen debt is built up. This has been reinforced by 
experimental observations in both animals arid hu- 
mans,!*+,812.13.15 These investigators found a decrease 
in oxygen consumption during experimental shock with 
a supra normal increase following treatment of the shock. 
This increase is thought to represent repayment of the 
oxygen debt incurred during the shock state. Although 
it-was found in this study that patients who had meta- 
bolic acidosis were more likely to have a low oxygen 
consumption, this finding was not constant. 

It was generally expected that thé patients in shock 
would have the lowest oxygen consumptioris. Although 
there was a tendency for the patients in shock to have a 
reduced “oxygen consumption, this was by no means 
universal. 

It was surprising at first to note that a substantial per- 
centage of patients with sepsis had a reduced oxygen 
consumption, éven when the sepsis was severe and/or 
caused a high fever. It was noted, moreover, that the 
worse the sepsis, the more likely oxygen consumption 
was to be reduced. Furthermore if sepsis was combined 
with shock, over one third of the patients had a reduced 
oxygen consumption. 

Ín severe hemorrhagic shock oxygen consumption is 
thought to be transport limited and therefore reduced 
proportionately to the reduction in hemoglobin concen- 
tration and blood flow. Since cardiac output is elevated 
or increased in sepsis, it would appear that delivery 
should not be the problem. The disturbance, therefore, 
may be at the cellular level with an inability of the cell 
to accept or utilize the oxygen brought to it. Siegel 
for example found an increased mortality rate in patients 
with high cardiac output, low peripheral resistance, and 
high venous oxygen. He felt that this was due to shunting 
of the blood away from vital cell areas. The presence of 
these shunts in humans, however, still remains to be 
proven. 


OXYGEN CONSUMPTION 


. 80: 
Relationship Between Mortality Rate, Oxygen Consumptior 
and Standard Bicarbonate 


TABLE 2. 





Standard Bicarbonate 

















(mEq/L) 
Less more 
Oxygen Consumption than 20 20-26 than 26 Total 
(7) (8) (5) (20) 
Less than 90% 86% 7595 80% 80% 
. (4) . (02) . (18) (34) 
90-110% 25% 50% 28% 32% 
(1) (15) (30) (4€ 
More than 110% — 47% 33% 37% 
(12) (35) (53) (10€ 
TOTAL 58% 54% 36% 45% 





The percentage (%) in each box represents the mortality rate i 
each group of patients. 

The number in parenthesis in each box represents the number « 
patients in that group. 


Changes in the red cells in sepsis may also be a prob 
lem. In a number of patients with septic shock,. Mille 
et al. found a decrease of 2, 3-diphosphoglycerate in th. 
red cells. This was accompanied by a left shift of th 
oxygen dissociation curve so that the hemoglobin had : 
greater affinity for oxygen' and released it less readily t 
tissues.8 


Summary 


Direct measurements of oxygen consumption, acid 
base balarice and respiratory function were made oi 
100 critically-ill patients who were recovering fron 
trauma or operation. Twenty patients had reduced oxy 
gen consumption; 34 had normal oxygen consumptio: 
(90-110% of their theoretical expected value); and 4 
had increased oxygen consumption. A«reduced cxyge: 
consumption was found in seven (58%) of the 12 pa 
tients with a metabolic acidosis and only five (9%) o 
the 53 patients with a metabolic alkalosis. There was n 
correlation between oxygen consumption and respirator 
function as measured by the degree of physiologic shunt 
ing in the lungs. 

Reduced oxygen consumption were found in the pa 
tients with sepsis, shock and those who died. Of 33 pa 
tients with sepsis and shock, 12 (36%) had reduce 
oxygen consumption and seven (21$) had metaboli 
acidosis. Of 21 patients with neither sepsis nor shoc. 
only one (4.82) had a reduced oxygen consumption o 
metabolic acidosis. Of 20 patients with a reduced oxyge 
consumption, 16 (80%) died; of the other 80 patient 
with normal or increased oxygen consumption, only 2! 
(30%) died. 
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Pathophysiology and Management of Hypotension Following 


T IS WELL KNOWN that cross-clamping of the abdominal 
I aorta, both experimentally and clinically, results in a 
drop of the systemic pressure, following sudden release 
of the occluding clamp. Various experimental and clini- 
cal studies have been done in order to explain the 
phenomenon. Although there is a controversy between 
the various authors concerning the mechanism and the 
various affecting parameters, there is a rather unani- 
mous conclusion, that the declamping phenomenon is due 
to temporary shifting and pooling of a certain amount 
of blood volume towards the distal part of the body, as 
a result of a sudden decrease of the peripheral vascular 
resistance. 

It has been reported that the declamping phenomenon 
can be minimized or eliminated by using sympatho- 
mimetic amines distally to the occluding clamp.13+ 
Pneumatic envelope to the distal part of the body has 
also been successfully used to prevent the phenomenon.? 
It is also well known that a gradual release of the oc- 
cluding clamp can minimize or prevent the phenomenon. 
These attempts to: explain exact mechanism of the 
phenomenon are inconclusive and are strictly related 
with the distal part of the vascular bed. 

An attempt has been made here to interpret the phe- 
nomenon by studying it in two different perspectives. 
First, with simultaneous occlusion of the inferior. vena 
cava, in order to determine blood volume relationships, 
and second, the declamping phenomenon in relation to 
the baroreceptor reflexes. 


Material and Methods 


Six mongrel dogs, divided into two groups, were used 
for the experiments. Group I (three dogs) was used to 
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study the declamping phenomenon in relation to the 
occlusion of the inferior vena cava. Group II (three 
dogs) was used to study the phenomenon in relation 
with the baroreceptor reflexes of the aortic arch and 
carotid bifurcation. " 

All dogs were anesthetized by intravenous adminis- 
tration of 30 mg./Kg. of Sodium Pentobarbital ( Nem- 
butal). A cuffed endotracheal tube was inserted and 
connected to the respirator at a rate of 15/min. (room 
air). Two parameters were monitored throughout the 
experiments; systemic aortic pressure via a plastic cathe- 
ter inserted through the right carotid artery into the 
aortic arch, and central venous pressure, via a second 
plastic catheter inserted through the external jugular vein ` 
into the right atrium. Both catheters were connected to 
pressure transducers, and the pressures were recorded. 
The abdomen was opened though a midline incision and 
the abdominal aorta in all dogs was exposed. In the dogs 
in Group I, the abdominal aorta was completely dis- 
sected free between the renal arteries and the aortic 
bifurcation, and the inferior vena cava was also dis- 
sected free between the renal veins and common iliac 
veins in dogs in Group I. Meticulous hemostasis was 
maintained throughout the dissection. After the dissec- 
tion was completed, Sodium Heparin, (3 mg./Kg.) was 
given intravenously. The occluding clamps of the aorta 
and inferior vena cava were applied just distally to the 
renal arteries and veins. 

In the dogs in Group II, the aorta was cross-clamped 
for 10 min each time and the declamping phenomenon 
was produced in successive steps following the pro- 
cedures listed below: 


]. No dissection of the aorta. 
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Fic. l-a, b, c: Declamping phenomenon in relation with occlu- 
sion of the IVC. Aorta cross-clamped for 10 min. a-Control, 
b-IVC occluded for 5 min before dechunping, c-IVC cross-clamped 
simultaneously with the aorta. ( One small block equals 5 mm. Hg 
pressure or 4 sec time period. Arrows indicate declamping). 


Fic. 2-a, b, c: Declamping phenomenon in relation with occlusion 
of the IVC. Aorta cross-clamped for 10 min. a-Control, b-IVC 
cross-clamped for 10 min 15 sec of which 15 sec were after 
declamping of aorta, c-IVC cross-clamped for 10 min 30 sec of 
which 30 sec were after declamping of aorta. (One small block 
.equals 5 mm. Hg pressure or 4 sec time period. Arrows indicate 
declamping). 

Fic. 3-a, b, c: Declamping phenomenon in relation with occlusion 
of the IVC. Aorta cross-clamped for 10 min. a-Control, b-IVC 
cross-clamped for 15 sez immediately following declamping of the 
aorta. (One small block equals 5 mm. Hg pressure or 4 sec time 
period. Arrows indicate declamping). 


2. Aorta completely dissected free from the renal ar- 

teries to the bifurcation. 

3. Limited bilateral lumbar sympathectomy. 

4. Bilateral (neck) transection of vagi nerves (No 
attempt was made to isolate the glossopharyngeal 
nerve). 

. Transection of the spinal cord at the root of the 
neck. 


ei 


Results 


In the dogs in Group I the aorta was cross-clamped 
for 10 min and the inferior vena cava at various times. 
On the first dog the aorta was cross-clamped for 10 min 
and the declamping phenomenon was produced with 
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sudden release of the occluding clamp (Control). (Fig. 
l-a) Mean aortic pressure 125 mm. Hg dropped to 75 
mm. Hg and returned to normal in 1 min 20 sec. The 
aorta was again occluded for 10 min, the last 5 minutes 
of which tke inferior vena cava was cross-clamped. Both 
clamps weze abruptly removed simultaneously at the 
end of the occluding time. Mean aortic pressure 130 
mm. Hg dropped to 80 mm. Hg and returned to normal 
in 1 min 8 sec (Fig. 1-b). The central venous pressure 
was unchanged. The aorta and inferior vena cava were 
again cross-clamped for 10 min simultaneously. Mean. 
aortic pressure 125 mm. Hg dropped to 80 mm. Hg, 
and returned to normal in 30 sec (Fig. 1-c). The central 
venous pressure showed slight elevation during declamp- 


‘ing time. 


On the second dog of Group I, the aorta was cross- 
clamped for 10 min (Control); mean aortic pressure 
105 mm. Hg dropped to 70 mm. Hg and returned to 
normal in 22 sec (Fig. 2-a). Next the aorta and inferior 
vena cava were cross-clamped simultaneously for 10 min 
and 10 min 15 sec respectively; mean aortic pressure 
100 mm. Hg dropped to 60 mm. Hg and returned to 
normal in 20 sec (Fig. 2-b). The aorta and inferior 
vena cava were again cross-clamped simultaneously for 
10 min and 10 min 30 sec respectively; mean aortic 
pressure 105 mm, Hg dropped to 50 mm. Hg and re- 
turned to normal in 20 sec (Fig. 2-c). There was no 
significant change in the central venous pressure through 
out the experiment. f 

On the third dog of Group I, the aorta was cross- 
clamped for 10 min (Control), mean aortic pressure 160 
mm. Hg dropped to 95 mm. Hg and returned to normal 
in 1 min 20 sez (Fig. 3-a). Next the aorta was clamped 
for 10 min and inferior vena cava for 15 sec immediately 
following declamping of the aorta; mean aortic pressure 
165 mm. Hg dropped to 95 mm. Hg and returned to 
normal in 1 min 12 sec (Fig. 3-b). Finally the aorta 
was clamped for 10 min and the inferior vena cava for 
30 sec immediately following declamping of the aorta; 
mean aortic pressure 160 mm. Hg dropped to 100 mm. 
Hg and returned to normal in 42 sec. There was no con- 
siderable change in the central venous pressure through- 
out the experiment. 

All dogs responded proportionately with the same 
pattern. With intact aorta, mean aortic pressure of 165 
mm. Hg dropped to 115 mm. Hg and returned to normal 
in 20 sec (Fig. 4-a). With the aorta completely dis- 
sected free, mean aortic pressure of 160 mm. Hg dropped 
to 90 mm. Hg and returned to normal in 32 sec 
(Fig. 4-b). After limited bilateral lumbar sympathec- 
tomy, mean aortic pressure of 165 mm. Hg dropped to 
80 mm. Hg anc returned to a lower (140 mm. Hg) 
stable level in 40 sec (Fig. 4-c). After bilateral (neck) 
vagotomy, mean aortic pressure of 140 mm. Hg dropped 
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to 75 mm. Hg and returned slowly to the previous level 
in more than 10 min period (Fig, 4-d). Finally the spinal 
cord was transected at the root of the neck and the 
declamping phenomenon was again produced, mean 
aortic pressure of 140 mm. Hg dropped to 75 mm. Hg 
and remained at this level (Fig. 4-e). However, the 
systemic blood pressure curve showed a noticeable 
irregular pattern and a very slow tendency for improve- 
ment during the following 30 min period. Central venous 
pressure was not considerably affected throughout the 
experiments. 


Discussion 


Cross-clamping of the aorta at the level just below 
the renal arteries, results in a sudden increase of the 
total peripheral resistance by changing the geometrical 
factor (L/r*) of Poiseuille’s law (L: length of the tube, r: 
radius of the tube). As a result, the systemic blood 
pressure rises temporarily as has been observed in all 
cases of the declamping phenomenon, including our 
experiments. As the blood pressure rises, (average dura- 
tion 15 min in our experiments) the regulatory mecha- 
nism of the baroreceptor reflexes (via vagi and glosso- 
pharyngeal nerves—vasomotor center of the brain stem 
—sympathetic nucleus of the spinal cord—sympathetic 
ganglia and fibers) inhibits the sympathetic activity and 
causes peripheral vasodilatation by decreasing the total 
peripheral resistance. Since the baroreceptors fire much 
more frequently when blood pressure rises, their re- 
sponse is prompt and the blood pressure returns to nor- 
mal in a short period of time following cross-clamping 
of the aorta. During the period of aortic cross-clamping, 
the baroreceptors are continuously firing with increased 
frequency in order to prevent any elevation of the sys- 
temic pressure above normal. In this way, decreased 
sympathetic activity counteracts the elevation to the geo- 
metrical factor (L/r*). 

What happens when the aortic clamp is quickly re- 
moved? The sudden decrease of the geometrical factor 
L/r* (peripheral resistance) results in a sudden hypo- 
tensive episode. The severity of the hypotension is pro- 
portional to the change of the geometrical factor, but 
the duration of the hypotension is related with the 
baroreceptors activity. The fact that the gradual removal 
of the occluding aortic clamp can diminish or prevent 
the hypotensive episode is most likely due to balanced 
changes between the baroreceptors activity and geo- 
metrical factor L/r*. The systemic use of sympatho- 
memetic amines does not usually affect the hypotensive 
episode following declamping,* their use raises the sys- 
temic pressure, increases the baroreceptors activity and 
decreases the sympathetic activity. At the same time the 
geometrical factor, distally to the occlusion, is slightly 
changed due to minimal distribution of the drugs at the 
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E t i: 
Fic. 4-a, b, c, d, e: Declamping phenomenon and baroreceptc 


reflexes. a-aorta intace, b-aorta dissected free, c-limited bilater: 
lumbar sympathectomy, d-bilateral vagotomy (neck), e-spini 
cord transection at the root of the neck. One small block equa 
5 mm. Hg pressure or 4 sec period. Arrows indicated declampiny 
Aorta cross-clamped for 10 min. 


body area which has minimal arterial circulation. Re 
gional administration of vasopressor agents distally t 
the occluding clamp and immediately before declampin 
increases the geometrical factor and leaves the barore 
ceptors undisturbed. As a result the systemic pressur 
does not considerably change. 

From our experiments, and from the work of other: 
it appears that the declamping phenomenon has the fo. 
lowing characteristics: 1) it is not related to the occluc 
ing time of the aorta, 2) it is produced immediatel 
following declamping 3) it is a short-term phenomenor 
4) it is a repeated phenomenon which seems to obey 
basic mathematical law provided the parameters of th 
experiments are the same, 5) it is postulated that th 
declamping phenomenon can be minimized or elim: 
nated with gradual release of the occluding clamp, ac 
ministration of vasopressor agents distdlly to the occluc 
ing clamp, or by pneumatic enveloping of the distal par 
of the body. 

The analysis of the experiments in Group I indicate 
that occlusion of the inferior vena cava at various time: 
does not affect significantly the severity or duration c 
the hypotension. This indicates that the presence of 
hypotensive substance in the venous blood returnin 
from the lower extremities to the systemic circulatior 
as was suggest by Malette,® does not exist. The sam 
experiments and the fact that the declamping phenome 
non is not related to the occluding time of the aort: 
further indicates that the "volume theory" with shiftin 
and pooling of considerable amount of blood volume a 
the distal part of the body’ does not seem to be correci 

The analysis of the experiments in Group II indicate 
that the declamping phenomenon is a generalized vasc 
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motor phenomenon which is related with the barore- 
ceptor reflexes, the integrity of which is mandatory for 
the regulation of the systemic blood pressure. These 
experiments also reveal that the declamping phenome- 
non is a short-term phenomenon only when the barore- 
ceptors are intact. Figure 4-a shows the configuration of 
the hypotensive episode (aorta cross-clamped but other- 
wise undisturbed), which is mild and returns quickly to 
normal Subsequent dissection of the abdominal aorta 
destroys a considerable number of metaganglionic sym- 
pathetic fibers; as a result, the declamping phenomenon 
is more prominent in severity and duration (Fig. 4-b). 
Limited bilateral lumbar sympathectomy destroys more 
sympathetic fibers resulting in hypotension which is 
much more prominent. Needless to say, the blood pres- 
sure curve showed a very slow tendency to return to the 
base line level (Fig. 4-c). Vaus nerves Bilateral vagi 
nerves were transected (neck) with no apparent effect 
on the systemic blood pressure. Then, the declamping 
phenomenon was produced in the experiments. The se- 
verity of the hypotensien was less (lack of inhibiting 
effect of the baroreceptors generalized sympathetic ac- 
tivity during the occluding time), but the duration of the 
hypotension was prolonged (Fig. 4-d). Finally, the de- 
clamping phenomenon was produced after transection of 
the spinal cord at the root of the neck. As a result, the 
hypotension was profound and permanent (Fig. 4-e). 
From the above analysis of the experiments in Group II, 
it is concluded that the declamping phenomenon is defi- 
. nitely related with the integrity of the vasomotor reflexes 
of the aortic arch and carotid sinus (baroreceptors). 
"Further investigation of the phenomenon, pointing 
toward the vasomotor reflexes of the aortic arch and 
-carotid sinus (baroreceptors) is now being continued in 
this laboratory. i 


Summary 


Six mongrel dogs were used to study the declamping 

henomenon in two different perspectives. First, occlu- 
sion of the inferior vena cava at various times in associa- 
tion with the occlusion of the abdominal aorta, in order 
to determine blood volume relationships. Second, the 
declamping phenomenon in relation to the baroreceptor 
reflexes. 

It seems that the declamping phenomenon is not 
directly related with blood volume shifting or pooling 
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at the distal part of the body, nor with the presence of 
hypotensive substances. The phenomenon is not cor- 
related with the occluding time of the aorta. It is pro- 
duced immediately following declamping. It is a short- 
term phenomenon, provided the baroreceptor reflexes 
are intact. Any injury to the baroreceptor's reflex cycle, 
significantly affects the phenomenon especially injury to 
the spinal cozd results in profound and prolonged hypo- 
tension following removal of the occluding aortic clamp. 
The phenomenon can be produced repeatedly with the. 
same pattern of pressure curves, provided the parame- 
ters of the experiments are the same. It is not a “mys- e 
terious" pheromenon but rather a simple vasomotor 
sequel following acute changes of the peripheral re- 
sistance. It has "onset" which is related with sudden 
decrease of the total peripheral resistance, and "dura- 
tion" which is definitely related with the integrity of the 
vasomotor reflexes of the aortic arch and carotid sinus 
(baroreceptors). 
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